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The ease of market entry and exit is one of the major characteristics of the 

truckload transportation, resulting in high competition among carriers. Cost control is 

thus one of the most important priorities for carriers in order to be able to compete in 

the market. Empty haul is a major loss in truckload operation. Carriers have to find 

ways to utilize trucks most efficiently by planning effective backhaul trips. The 

objective of this article is to develop a simulation model for full truckload operation 

network by studying the distribution of transportation demands using actual data 

from carriers. The anticipated benefit of this study is to obtain a prototype simulation 

model for the determination of whether or not to accept loads based on the prospect 

of potential backhauls. 
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" ~~filll (Shipper) 11.:J~11h::~1 U"::~l1J'j u11oi'Yl ~Yl~l1 ff'U 1l1~'\.J111 'htqj ihJ1lJ1W f11'j ri.:J ff'U 1l1l.J1m4VlJ 

':h ~ 1.:J U ~ 1oi'Yl ~lh:: fitlUf11 'j'j tlU 'j 'j 'VJ fi~'U ri.:J U 'Yl'U f11 'j ri.:J ff'U 1l1~ lV,} l1tl.:J 

U ~1oi 'Yl ~11 'j::fi tlU fil'j 'j tlU 'j 'j 'VJ fi~'U ri.:J ril'U 'll1 qj '1 'U 11 'j:: 1 'Ylffi 'Yl V~ ~ fi}j W:: f11 'j ~'U ri.:J U U U 1~ lJ~ 'U 

(Truckload, TL) l~tl.:J1Jlfif11'j 1'1i'1 - tltlfi1Jlf11pn1l~'U ri .:Jl11 i~~lV ~.:J~f11'j U oU.:J'liW)'U 'j::l1il.:J~l1'j::fitlUf11'j 

'j tlU'j 'j 'Yl fi~'U ri.:Jf9 tl'U 'li'1.:J lJlfi ~11'j ::ml Uf11'j ~11 ~'U 11::~ tl.:JU ~ l1l'j 'j tlU 'j 'j 'Yl fi~~mi'l;1' 'j tl.:J i' mnllJ~ tl.:Jf11'j 
II" II cu 

'1 'Uf11'j~'Uri .:J~tl.:J~filll u,,::v.:J~tl.:Jfhu .:J().:Jf11'jU~'H1'j'jtll~Vl111ril (Empty haul) '1 ;1'~11'j ::ff'Yln.f11~ ~.:J~ 

mlmh~t1J~ll1i'Ufi1'j ~11f11'jf11'j~'U ri .:JUUU1~lJ~'U 1~ 'jl::f11'j ~1 ~Vl111ril ilil1 1 '1 ;1'ln~ 'jl V i~ 1Jlfif11'j fYfi}j 1 

~tl.:Jf1'jlJf11'j~'U ri .:J'Yll.:JU fi ~Uilf11'j~'U ri.:J ff'Ulll'Yl1.:Jtl'U 'U ~ lV'j tlU'j 'j 'Ylfi '1 'U 11 ~. ff. 2549 ~f11'j 1~'U 'j tll ~Vl • 

ff'U III '1 'U f11'j~.:J1 ~ Vlfi~U (Backhaul) ~.:J~f11'j ~ ~f11'jU~l1l'j~ Vlfi 1 ~tl.:Jfl 11lJ~tl.:Jfi1'j '1 'U fil'j~'U ri.:J1 ~Vl 

mlUV.:J~fl'JllJ hJml 'Utl'U tl~ (Powell , 1986) i~firil1il'lfl.:J1~lJ~'U~tl.:Jl'U '1 'Uu9i"::l'U~l1'j::fitlUf11'j 1J::ril 
OJ OJ OJ 

" 
fil'j fYfi}j 1'1 'U.:J 1 'U 1 ~ VU fYfi}j 1 fil'j U ~ l1l'j ~ 11 fil'j fil'j ~ 'U ri.:J U U U 1~ lJ~ 'U U ,,::~ \9lJ 'U lU U U ~ 1" tl.:J 

fftll'U f11'jW1~tl'lflV11fl'jl::Ml1.:JUYl'U f11'j i'u ~N~'U ri .:Jff'Ulll~tl.:J ~11 'j ::fitlU f11'j 1 ~Vtl1ffv'Ii'tllJ"f·h.J' .:J~'U ri.:J 
OJ OJ 

ff'U 1l1~tl.:J ~il ~ H~'U ri.:J ff'U Ilwi ltl~H 11 'j:: lv')ftJ ~ fll~ il1J:: i~i' U~ tll1UU ~ 1" tl.:J fftll'U fil'j W ~'U U UU 

~1l1 i' U 11 fl'j l::M fll1lJ1l1lJ 1:: fflJ~ tl.:J fil'j i' U ~ 1.:J~'U ri.:J ff'U III i'U lJlJlJ tl.:J ~ tl.:J fl11lJ1 ~ 'U i 11 i~ ~ tl.:J f11 'j ~'U ri.:J • 
'" ... 

l'YlVlfi"U 
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fll'jm~\11t1~1'\Jfl~m111I'i'fl~fll'j i 14 fll'j'\J14 ff ~ 

2. -W1ill14 1U'tJ'tJ~lClfl~fffl114 fll'jWt~fl i ~i 14 fll'j.y; \11'j W 1m'l~'VI~H"fl'tJf)Cl~'Vllr~1~ '1 ~tl11l~ ff11J1'j () 

'111' llfffll'j tYi1liY~ff114 fll'j t~14 'jm~t11f)~'tJ l~t1.y; \11'j W 111 'j~f)fl'tJti'tJ~ ~~I'i' fl~t fftl' llt~ flffr 1~ .. 

dI 
1.3 'lJ8'lH'IJ~fl11ftfl~1 

ClGJ ~ Y 0 fI ~ I.Q tI Q.I" I Q " 

fl1'j 1 \1 tI14 ff'j 1 ~ U'tJ 'tJ \11 Cl fl ~ ff() 114 f) 1 'j Wt Yl fl 'li1 tJ 1 tf! 'j 1 ~ '11 11 ~ Url14 'j 'tJ \11 ~ '\J14 ff ~ ff14 f!1'\J fl ~ 

~ll'j~flfl'tJfll'j l~t1fl1fftl'li'm.!Cl~l~ ~'\J14 ff ~ iY14 ~l'\Jfl~ ~11 ~1~'\J14 ff ~ iY14 ~1~ 1flth~ 1 ~ tJijt~ fl14' '\J 111J1~ 'j j 114 

, , " 
~ H '1 '\Jfl~ 'tJ ~Ei 'VI ~1l 'j ~ fl fl'tJ m 'j 'j ()'tJ 'j 'j 'VJ f)'\J14 ff ~ t 1:114 Vi t1fl1l f 'tJ'\Jfl~'tJ ~Ei 'VI ~ rlii ~ iY14 ~1 1J1~ 'j j 114 i 14 ViiHi fl 

1J1~'jj114'j()'tJ'j'j'VJfl Yl,rf)~l14'Ii'tJ'j() m111~H~flnm t1:l141'i'14 

t~t11f)~'tJ\1~"'1 i M''I11'jm ~t11fl~'tJm ~t1'~ UCl~U l'1i'm.!Cl~ '~1J1ffr1~U'tJ'tJ ~lClfl~fffl114flnW~1t1 11l'jum1l 

~1'11f'tJfll'jffr1~U'tJ'tJ ~ 1Clfl~ fffl114 fll'j W ~ i ~i 14 fll'j ffr1~fffl114 flnW ~1 Clfl~ '\Jfl~ 'j ~'tJ'tJ hj~ m rl fl~ (Discrete 

- event simulation) 

"" " ff14fl1 

2. ff1111'j()ffr l~U'tJ'tJ ~lClfl~ fffl114 fl1'jWt~fl i ~i 14 fll'j.y; \11'jW 1UCl~'VI~fffl'tJflCl~'VIti~1~ '1 

3. 'VI 'j 1 'tJ ~ ~ 'Ii' fl ~ 'Ii' fl t ff tI '\J fl ~ fl Cl ~ 'VI ti ~ H '1 i 14 ~ 11 11 fl ~ '\J fl ~ 'tJ ~ Ei 'VI ~ rl ii ~ iY 14 ~ 1 U Cl ~ 'tJ ~ Ei'VI 
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, 
<:t 

Ut1'Y1 2 

" I I , 

l'U tJ'YlU \I~ftf)1l1m'j tJ ~ 'Hl'j m'j ~'U ri ~ iY'U r;l~ lfJ'j tltJ 'j 'j 'YJ f)UjJ~~ l'U i~ fJYhf)fJl.ufl~ Vi ~1'U 1J11 'U fl~ \P1 

LLjJ~'Ylqll i)~u llJll ~l 'U m'ji~ fJ 

f)n~'U ri ~iY'Ur;l~lm tltJ'j'j lJf)~llJl'jtlU U~\P11lJ~f1llW~m'jtJ 5u~ mm U~ l~L~'U 2 tJ 'j~Lfl'Yl ;jfl 

f)n~'Uri~utJtJL~lJfi'U (Truckload, TL) ujJ~m'j~'Uri~utJtJil.h~lJfi'U (Less - than Truckload, LTL) 

~f)llW~m'j ~'U ri ~U tJtJL~ lJri'U\P11lJtJf)~ \I~~'U ri ~ \I If) \If) 1Pl'U 'Yl1~ i tJ V~ \If) tJ m fJ'Yll~ 1 f) fJ llJijm 'j f11tJ 'j llJiY'U r; 1 • • 

" ..... -- -_ .... - - --- . 
---)~ m'jL~'U'jmVifJl'Ht1f) 
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.:k "1 ... IQI ~ Jt ,~ " d " ~ QI QI ~ ~ i 
Direction) 'illfl ~~11'U.:J t'utl.:J ~~11'U.:J llJfHY .:J'ff'U TllnY'J 'il11~l'HllJ'J'J 'VJfl'il~l.:Jfl~lJ111t1.:J~ ~l~lJ fll'J l.:J'Jtl 'U 

1 ~ tllfl ~ lJ '~ij ff'U 111fl~ lJ lJl V.:J ~ ~ 11 'U 'Yll.:J Y11 i ,ri~ n Vl fi~ 'J 1 tI i~ llnlJ 1 fi 'Yl ~tl 'J ~ fl V lJ fll 'J 'J tllJ 'J 'J 'VJ fl'\J'U ri.:J 

'J~tI~'Yll.:J i'U fll 'J 1~'U 'Jtl~ i~ijfll'J lJ 1111'J 1 ~ till tl ~1 'il~ 1 ~'U fll'J 1~'U 'J tll ~ till tl ~1~.:J 50% '\JV.:J 'J ~ tI~'Yll.:J 

~.:Jl1lJ~ (McKinnon and Ge, 2006) fl~11111~Vfll'JlJ1111'Jfll'J'\J'U ri.:J i ,rijtl'J~ff'Ylnll1'Vm~~ i t'JtllJ'J'J'VJfl i,r 

lfi~tl 'J ~ itl'lnrt 'U 'ffV.:JV1 fY'Yll.:J lJ1fi'Yl ~tl 'J ~ flVlJ fll'J 'J tllJ 'J'J 'Yl fl'\J'U ri.:J ~.:J~ V.:J 111ff'U 111111 i 'Ul ~ tllfl ~ lJ (Back 
~ . 

I ... '" 

'ffl'Ul1~fl '1 flV 

~ cv ad I ~ ~ Q,I QI 

1. flUlJ'J111'J'Yl'JYWlm'YllJV~ (Supply management) flV fll'JlJnn'J'JtllJ'J'J'VJfl u~~~'Uml'U'\JlJ 

.d d Ii" ~ " "l"d.d & .. I " QI QI QI 

'Jtl'YllJV~ 11 'ffllJUtllJ'J fll'J ~flTll 1~ ~'Yl "l~ C)f.:J 'il~1J'J ~ flVlJ~ lt1fll'J'il~ 'ff'J 'J ~'U m l'U '\JlJ 'J tl 11 ~~ 

'JtllJ'J 'J'VJfl i tllJ 1 flU~fll11 'J llJ~.:Jfll'J ~1t1~111 l1tl.:J 'J tllJ 'J'J 'VJfl (Reposition) , tlV.:J~11mtl.:J~ 

fll~fll'Jru 11'il~lfi~~1~ .:J'\J'U ri.:J i'U V'U lf1~ 

2. flU lJ111U ~1~.:J i'U fll'J'\J'U ri .:Jff'U III (Demand management) fiv fll'J ~~ ff'U i 'illl 'il~li1Vfli'lJ 

11 ~vtlal 'ff1i~1~ .:J'\J'U ri .:J'\JV.:J~flI11 

I I & .Q I " d.Q fI "i 
Manivannan (1998) fltl1ll1fll'JfYfll:llfll'JlJ'J111'Jfll'J'\J'U 'ff '1~1t1'J tllJ'J'J'VJfllJfll'Jl1ml~1111~~11fl '\J 

Utyl11 'il~11~'11~'U 211lfll'Jimy '1 fiv 

" 0 d"l"d 1 0 .Q.Q tI .c9 "1"0 .cd 
11flUty111 fll~VlJ'Yll~1'Jtlfll1 fll91VlJl'lfnlfl'Jl~l1 (Analytic solution) C)f.:JV1'il'il~ l~Tll91VlJ'Yl 
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mh.JflH (Exact) 'I1~flm1Jl~ff1J~~~ (Optimal) 1'lft.J 1Jty'l11'illfl~~1-fft.J'Yll~f11'H~t.J~tl, 1Jty'l11 

m~ ~~ffn'Vi,r m It.J ,j''U~tl, 1Jty'\11m~ ~~ff~~ HI L~t.J ~t.J 

2. i~m~~lf1fl~ffmt.Jf11~W (Simulation Methods) l~t.Ji~m~L~~~'HfI'tI (Numerical Methods) 

<>d ell ~ <>" ~" " : 
1Tif11 ~'11 t.J ~ 1 t.J fln rYfl'};J l1L m 1~'I1 ~ ~'U 'U ~ 11J()~ f11 ~ LL fl1J ty'l11 'tI fl~ ~ ~'U 'U ~ 1 tlf11 ~ 'Yl ~ fI fl~C)fl "l 

n'U~1LL'U'U ~lf1fl~ 

American Van Line 1~tl1'11'~fl'tlfl~LL'U'U~1f1fl~11 LOADMAP (Load Matching and Pricing) Ltlt.Jfln 

LL'U'U~lf1fl~ LOAD MAP Ltlt.JLL'U'U~lf1fl~f11~'tIt.Jri~~t.Jl'i'lLL'U'U Stochastic Programming Vi'ill~Wl 

~~ fI111J iliLL 'Il t.J flt.J 'tI fl~lH 1J1W f)111J~ fl~f11~ ri ~ ~t.J 1'i'1 1 ~ tiLL 'U'U ~ lf1 fl~n ~~ ~~ 'I11J1t1~ 'il~'U flfllq!fI~l't1fl~ ~ tl 
, JJ " I 

'tIt.J ri ~ ~t.J I'i'TYi mit t.JLL~fI ~rYt.J 61 t.J it.J ~h~ en lh ~flfl'U ~i'1t1 4 ,j't.J fl flt.J fifl 1) fln rllt.J 1W ~1 Hflm ~'Yl'UVit.J Vi .... I 

I.c::.tjI 0 1 QI 1.c::.9J 

'tIt.J ff ~fft.J fl1 (Dispatch probability) 4) m~fl1t.J 1Wlq!flfl1fl1~'I11~'tIfl~~tl'tlt.J ff ~ fft.J fl1 

" , o I .,!f. d 

1. m~fl1t.J1Wfl1Hflm~'Yl'U'Vit.J'Yl (End effect) 

" , " 
'Uflfl~~lq!fI~1't1fl~~tl'U~~'VJfl1t.JVit.JVi'U~f11~ j 1t.J'lf1~L1m s ~~,rt.J~1 End effect ~~Ltlt.J~11flmff 

, " , 
1 t.J fl n 1 -M'~ tl'U ~ 'l 'VJ flLlj fl 'l tl 'U ~ ~ 'VJ fl fl ~1 t.J Vit.J Vi 'U ~ fl n j I'll t.J 1 W 'ill fl 1111 LL fl ~ 1J 'Vi fI i fl (Dynamic 



o i ,.. 
flll1 'U fl 11 

8 

" . 
p(J,s) = Lqn (J,s)Wn (J,s) lJf)Yl'UVhJ~fll~ j 

n 

(1) 

, JI I , 

qn = ff~nY1'U~tl~~tl1J~~lJf)lli,*i'U'Yl1 ':Hiitlf) n ~tl~Yl'Ull1J~fll~ i i'U1'Ull S 

" , " , 
t(i,j} = ~~tJ~nmi'Ufll~1~'U'Yl1~1l1f)Yl'U1l1J~fll~ i ~hJYl'Ull1J~fll~ j hwiim.hm1(111~'U 

I " , I 

~1'U 1'UfI11J1 1(11 i'U lliji,r ~ ~tJ~l 1m i 'U fll~l~~tl~~tl1J~ Hlf)iY'U 1l1n1J111tJ11 U ri1 i '*1 1(111 vlln'U • 

" , " I 

r n(i,j) = ih h 1l1f)fll~ 1~'U~tl1J~~lJf)iY'Ulll1l1f)Yl'U1l1J~fll~ i iuYl'Ull1J~fll~ j ~l1J'Yll~liitlf) 

n i'Umw1~tJ11uri11l~1~'U~'Ul/J'Uf)n1~'U~tl 

, ," I I 

Wn(i,s) = lq!(lfhfl1fl111~1l1nfl1l1f)'Yll~liitlf)1l n ~tl~Yl'Ull1J~fll~ i i'U1'Ull s 

mw s+t(i,j)<P 11~1 

W ( ') (' ,)((P-S)] nl ,s=rnl,; , . 
t(l,;) 

, I " I 

fll~fil'U1W1~1J~'Ull s = P 11(1~fi1'U1WVtl'UtltltJm'1Jiu ifltJnll1'Ufli,r pU,P) =0 i'U'Y,Jf)Yl'Ull 

1J~fll~j 1~1Jfil'U1W~'lf1~nm s = P - 1 U(l~ s = P - 2 1l'Um~..t~G~'lf1~nm s = 1 i'Ull~(I~ 



. . 
~ , q Q,I .do 

effect 1J~lJfIlf1.:J'Vl fl.:Jfl1'Vl'Vl 2.3 

400 

R((10fI/ e 
~Oo 

REGION 10 
occ~ 

REGION :n 

-2000~------~5------~~~----~1~~----~~ 
PLANNING HORIZON (DAYS) 

o , Q.I .s 
2. f11'JfIl'U1WlJ"fIlfllfl'l11.:J'\lfl.:J'Vll.:JnH)f) (Expected value of the m-th option, w,) 

9 

. ., . 
f11'J~1'U 1WlJ"~lf1lfl'l11.:J'\lfl.:Jm.:Jti1flf) (Wn) ~1'U 1W'flllJfflJf11'Jl1 H"~ lfltli ~~lYl"fl'j~'Vl1J.w'Ul1 .. 

. ., 
1J~\!mi1flf) i'Um.:Jti1flf)l1 n lfltlffllJ1'Jtl~1'U1W '~~.:JU 

. i " f11 '11 'U fl '11 
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n 

=IXi 
i=1 

" . 
(ll Yn-1 lj~11Jlf1fr;h'l11f)1'Yhn'U k 'il:;'llffl1Jll().ij~1'11'·Hl'Ull'YJf)f1'U'I1'U1'U'Yll,:jl~f.lf),Vi n ,~) U~:;fl111J 

I , " I 

ul'il:;d~I'UVi Yn lj~11J1flflll'l11f.ll'Yhn'U k ('I11m~f)'Ui'\Jijilld~J'U'il~,:j 111'il:;ffl1JU().ij~1()f1'UVi k 1'11' 
. " 

'Yll,:jl~f)fl n + 1 'I11f)'Yll,:jl~f)f)~'U "l ,~) ~,:j'l1'U 

d(k,nj = Prob [Yn-1 < k W'l~ Yn 2: kJ 

- " 
'illfl peA n B) = peA) - PCB) ~,:j'l1'U 

d(k,nj = Prob [Yn-1 < kJ - Prob[ Yn < kJ 

ff1JlJ~1'11'~,:jni'Ufl111JU1'il:;1~'U'\Jf),:j Xn 1~'Uf)11m:;'illfJ~1U'U'U1J1{C)ff),:j~,:jljr1m~~m~'U fn ~,:jJ'U 
!':1",.;, '~y.J~ X&~~"'!II 11,:jfl'lf'Ufl111J'Ul'il:;1'U'U'\Jf),:j n C)f,:jllJ'UH~111J'\Jf),:j n 'il,:jllJ'UlJ11C)ff),:j~1fJ 

, ~, d "" ,~ d 'I !II ~"''I "".,j 
fl111J'U l'il:;llJ'U ff1'U 'Ylm~f)'illflfl111J'Ul'il:;llJ'U'Yl'il:; l'lfl()'Un'YJfl L lJ 1 'U'Yll,:jmflflf)'U "l 

o 'Q,I , ~ 91 
4. f)11fl1'U1WlJ~fl1fl1~'I11,:j'\Jf),:jl()'\J'Uff,:jff'Ufl1 (Expected value of the k-th vehicle, V

k
) 
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1~'l:J i lJ1'W~1~ t1flWI (2549) '~1 ff'W fl1~'U'Ulh ~lJl"~HHh'l1 f'Uf111 ')flff~TH)'U11l'JnU'U'U'YHr)fI 

l~fl ')flf1111~'W 1 ()'U1 H1 nu 'U'Ul~1Jfi''W 1~'11 'h-l fl''W 6m ~ 'ill t1~'W III 1 fI mJ 1 ~'lnlPi' 'ill nu 'U'U ~1 "fl ~ LOADMAP . .. ... 

~lff'W fllf1t1 Powell (1988) 1~fl~'il~')flffn1() i~lnflfh i 1ff ~fffl fl1t1i~nl1 oW'ill1W l11t1f'Uu"~~'Wl1'W fl11 .. . . 
1~'W 1()'\Jfl~tlli ~~ '~f'U i 'W il 'il 'il,j'W u,,~oW 'ill1Wl~~tlli ~'\J'W rf ~~fl1f1 ':h 'il~lnfl~'W i 'W fl'Wlf)~ • 

I "1 I 

lf1t1~U~lJ1W f)11lJ~fl~f111 i'W f111'\J'W rf ~Vi i~ffllJ11 mllnl1 ,)flrf ~ i~~~l'W 1'W11~'I1lJfI 45 1 Vitl11 Q ~t1 1.5 

1~t11~fl1'W 'illnU~lJ1Wf)11lJ~fl~f111i'Wnl1'\J'Wrf~~1'Wl'W 608 1~t11 ~fll~'Wrfltl"~ 7.24 ~~~fl11nl'11'Wfi 

U~lJ1wiY'Wlll~ i~ffllJl1()111fl11')flrf~ i~i~ln'Wrfltl"~ 1 0 

11ml~..1 m 'il~f) 11lJ tJ1n' 'W f111 unilty'l11 ~ ~~~ 1'W 1,) t1~ i ~11ifl11 ffrl~U 'U'U ~ 1" fl~ ffm'W f11HUlJ1 i ~i 'W f111 

un''\Jilty'l11'\Jfl~1~'U'U~~mllJcM'U~fl'WlJln "1 

':'0.,1 Q, , Y 0 t! 
2.2 fll'11{)fJfll'1'U '1't'i 1'1 fll '1'UU a 'I~ lfJU'U'U {) 1 tl8'1 a01U fll '1 W 

~,.. ,.. 0 0' 0 "'.1 "" .1"" 
Ervin and Harris (2004) tflff11~U'U'U 'ill"fl~ffm'W f111W ffl'111'UlJ1~llJW,mm~'Yl'U'\Jfl~nn llJ"t1'W 

n~'I1lJlt1il llJ~nn i~'U~f111 (Hour of Service, HOS) '\Jfl~'Vlt!ml'W.,j'U1()'U11l'Jn i'WU1~1'Ylfl'ff'l1f!flllJ~f11 

lf1t1i ~1 UmmlJ Arena i'W ffrl~U'U'U~l"fl~ffm'W f11HU 1 dfl~ 'illn~f1111 U~ t1'WU u"~n~il llJ~f111111~1'W 

(Hour of Service , HOS) ~~~l1HVi 2.1 Ufffl~n~i11lJ~nl1111,:jl'W ~~ffrHU'U'U~l"fl~l~fl'Ylflfffl'U 
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DescliptioD 2003 2004 
Off-Duty Required 8 10 
Hours 
On-Duty Hours 15 NOll- 14 Consecu-

Consecutive rive 
I)rivine. Hours 10 11 
8 Day On-Duty Limit 70 70 
Hours Idle for Reset NOT Available 34 

.c!I .d Q.I Q.I CI.I 'Q,I I Q.I V c:., , d 
utilization) fI~ )~V~'Yll'l'Yl'VfUfNl'W 'IJ'lJ 'H)'IJ'lJ'HWl ~ 1'W, 'b'1'l 11 (I 1 11 lm'lJ 'lllfl~flfl1'IJ~'lll 'W m~'Yl'lff 'l'IJ~'lt ff) 11 

_I ~ ~ 1" ~" "_I '" d '" d I 1" (Cycle times), lJ)~ff'Yl1i.f1Wlfll) 'I1'lJ)fll)~flfl1 (Customer service) 1~W'll~'I11tlJ~)tClf'W~'IJ~'l'l1'W'Ylff'l '11 

(lflfll'~ t~~d~I'Wu 'W1m'l 1,rn'lJ'lJ~'l:i'Yl 1'Wfll)11'lU~'W )~'I111'lfl'W;)'lJ (lflfll U(I~fll) 11 fhj~'ll'W ~'l~nl'l~ 
~ ~ ~ 

" I I I 

2.2 U fffl 'l ~(lfll) ~1fl 11) ~ iY'Yl n .f11~t;j~ljfll) t 11~ V'W U 11 (I'l fl!]i11lJ'l fll) 'V11'l1'W 

, " I I , 

~l) l'lfi 2.2 Ufffl'l ~(lfll)~1fl11)~iY'Yln.f11~t;j~ljfll) t11~v'Wu 11(1'lfl!]i11lJ'lfll)'V11'l1'W 

Key Performanu % Difference from 200J 
Indicator 10 2004 .~odel 

Utilization -10.4% 
Cycle Time +8.6% 
Customer Set'vice -4.5% 

Rossetti and Nangia (2007) '~'V11fll)~~flU'lJ'lJ~'W!t'lJ'lJ'IJ~'llm'lff~1'lt;'l1~Q (Object - oriented) 

0'" 0 "'''' I d..." 1 " .,k ~ ffl'l1)'lJfll)'lll(l~'lffm'Wfll)W lflH'lJ1Vfll)'IJ'Wff'lU'lJ'lJt~lJfI'W lfiV 'b' Java Simulation Library (JSL) Clf'lt'U'W 

, "0 Q.I 0 tI \rill a " 
lflHff)l'lffl'l1)'lJU'lJ'lJ'lll(l~'lffm'Wfll)W)~'lJ'lJ llJ~~t'W~'l (Discrete - event simulation) fl1V.f11Ell'll111 

lflV'V11fll)nl'l1'WflfflJl;fl flW fflJU~ U(I~mllJfflJ~'W n~ ~hfittl'IJ~'l)~'lJ'lJ 1 flH'\hv~'W lJ1n~'W ffllJ1'H1U 11 'l 
• u 

" fflJ1;fl'l1~fl "1 '~~'lii lflH~lm;'lfllV.f11~ (Physical network), iY'Wfll 'I11~'l1'W (Loads), m~'lJ1'Wfln 

~flffn)t) (Dispatcher) , )t)'lJnVJfl'l11(11fl (Truck), )t)'I11'lvi1'l (Trailer) U(I~~'I1fl'll'W;)'lJ)t) (Driver) 

:: ~" d1 "1 "0 '" ... d 'lllfl'W'W lfl~~flU'lJ'U Classes U(I~ Interfaces 'Yl 'b' 'Wfll)ff)l'lU'U'U'lllm.l'lffm'Wfll)W ~'l~1)1'l'Yl 2.3 
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, , 
d 4. OQ,l " 0 

~l'nn'l 2.3 mY~~,)lV')f~'U~~ Classes UfI~ Interfaces ffl'11nJf11')ff,)1~U'lJ'lJ1l1f1~~ 

Ab~tractDispatcher Driver 

.~bstraetDispatcherFlnL LoadGenerator 

IMpatcherFlnL Location 

DispatcherTask Lane 

Transp<nbatio~e~ork Load 

DriverSe1ectionRule Ne~orkIfe 

IMpatchLoadSeletionRuleIfc TrailerSelectionRuleIfc 

TransportLocationIfe DriverSelectionRule 

TruckSelectionRuleIfe LoadR.eceiver Ife 

TransportTaskRece:iverIfe LoadSenderIfc 

" , 
" 0 do G.lQ 0" .t:!iOQli'J/' 

f11nY') l~U'lJ'lJ 'illf1~~ lJm~'lJ1'U f)U~~'U LoadGenarator ll~'Vllf11,) ff') 1~~1'U '11 ') ~fl1ff ~ 'I1f)U ff ~ 

'J/ 0 ''J/ i '" 'J/ d 'J/ .1:; 
Ufl1 'Vl1f11,)ff~'U~l.!fI llv~ Dispatcher 'I1'Ul'Vl'U~~ Dispatcher ll~ff,)l~ DispatchTask 'U'Um 'illf)'U'Ull~ 

QI , Q,I Q.I .c:lG.l I I Q,I d. 0 

~ ') 111 ff~'lJ ') tI'lJ ') ') 'VJ f)'I1 1f11f), ') tI'I11~'Vn~ UfI~'Vi 'U m l'U 'U'lJ,) tI'Vl V~11~ ~ ~ 'Vi 'U f)~ l'U 1l~ lJldfllf11,) 'Vl1~ l'U ~ llJ 

f){Ji1 1lJ~f11n11~1'U ~~ijm~'lJ1'Uf11,)~~f11'Vi~ 2.4 Uff~~ffm'U~f11')ViNl'U'U~~'ViU f)~l'U.u'lJ')tI I~~ i 11'm 

i''lJ~1'U ~ff!l~~'UlJl 1l1m!'U'ViU f)~1'U .u'lJ')tln'il~Vilf11,) 'U'U ri ~ i llV~llfllV'Vll~ Irlmi ~I ff~ llU~1f1'U.u'lJ1l~,) ~ 

~la~1l1f) Dispatch 111l~ i 11'i''lJff'Ul'i'l~~'I1~~ il.l f)U')~ff'U i'il i 'Uf11,) I~~f)~ ll~ri ~ff'Ul'i'lll~')~ff'U i'il 'illf11 1f11 

I~'U 'Vll~ i'U f11') ri ~ff'U 1'i'1'W ~V~"l~ ~~f11'Vi~ 2.5 U ff~~m~'lJ1'Uf11')Vil~1'U 'U~~II'lJ'lJ ~1f1~~ 
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i'U m 1 'Yl ~ ~H) 'U lj m 1 i~ 1h dy'Yl n fll'Vi ~ ~ ~ tl 1'l.J i1 1 ~fJ~'Yll ~ 1 Q ~ fJ"tl ~ HH Vi W;n11.! flU ~ ~ HH Vi fJll 'l.J ri 1 , 

tlnfJ'l.J1~ lfJ'lfU"tl~fll1 i ~'Yli''VifJlm~ljtl~ (1 fJ'U1 n'Jfl U~~'Vi'l! ml'U 'Il'U1 fJ) , 1~fJ~nm~~1'U 1 tl fll1"'U ri ~~ 
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, , " 
Exponentiall'Vilti'IJ 1 'lfl 111,:) uCl:;nl11'U~!~e),\.J''lJi'Um'J'Yl~''''t1'IJ~,:)ij 

o ~ .ell .d ~1 
1. nmm'J'Ul'IJt1,:)Cl,:)1Jlfl'Hl UCl:;'IJ'U'J(1 (Loading and Unloading time) llf11fj,:)'Yl 1 'In 11,:) 

2. ml1J!~l'IJt1':)'J(1~,:) 60 'll~,jt1il 111,:) 

.c:. 9.J.d 
!~'U 'Yl1':) 'U t1 tI'Yl "l~ 

4 . 'J:;tI:;'Yl1':)'J (1'IJn'Ylfl~,:)!tJ~l '~!f)'U 1 ,000 'll~ • 
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. 
d • 

~l'H~'Y1 2.4 Uff~~f11'j'Y1~HH)'U\llflU'U'l.HmH)~ 

Average Bob Tail (unloaded) miles !per Load 334.224 

Average. DeadHead (unloaded) Dliles pel' 351 .620 
Load 
Average Transport Ooaded) miles per load 425.830 

A erage Total miles per load! 1111.674 

A verage Load System Time 18.411 

TottI Number of L<l<'lds processed 9973.0 

Time Weighted Average number of 10.4880 
Busy Drivers 

Time Weighted Average number of Idle 27.7946 
Drivers 

Time \\Ieighted Average number of Off 41.7173 
Duty Drivers (Average # Off Duty 
Drivers With Task + Average #Off 
Duty Drivers Without Task) 
Time \Veighted Average number of Off 7 .8755 
Duty Drivers With Task 

Time Weighted Average number of Off 33.8417 
Duty Drivers \VitbQutTask 

Time Weighted Average number of 18.3636 
Busy Trucks 

Time Weighted Average number of 18.3636 
Busy Trailers 

Time Weighted Average number m 0 .0908 
Dispatch Pick Up Queue 

Time Weighted Average number in 1.568 
Transport Pick Up Queue 

Time Weighted Average nlllnber in 1.685 
BobTail Pick Up Queue 

Time Weighted Average number in 0 .6766 
DeadHead Pick Up Queue 

Time \Vei&>bted Average number in 10- 14.43 
coming Loads Queue 

Average Time in Dispatch Pick Up 0 .090 
Queue 

Average Time In Transport Pick Up 1.565 
Queue 

Average Time in BobTail Pick Up 10.510 
Queue 

Average T ime in DeadHead Pick Up 10.959 
Queue 

Average Time in Incoming Loads 14.405 
Queue 
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'" 0 • 

2.3 'Ul'U{Jfll1il1iU),UrOnUllW 

, 
.c9 I Cl , 4!I.e:t. dd 

'J::'U'U (System) 'Hll1t1().:) mpJ~V':)ff'J'JYH"':)\PIH '1 (Entities) 'H'JVfflJ1 'lHl (Element) 'Ylll 

, " 
Tr"l1mYlJl~''U,rn'U1I~::m::.yhn\)m'Jlli,r'U'Jnr1\P1mh::ff,:)r1Vi~.:)H ~lVVN~V':)'J::'U'U !'If'U f11m~m()tI'U1i' • • 

..:::. .ck, Q.I U ... 0 ';Ii ~ 
variables) \)::VTiU1t1'J::'U'U W n~1'H'U':) '1 !'b''U 'J::'U'UTi'U1T11'J \PIlll 'Jfftll'U::fltl 111'Ul'U~flTl1 'UTi'U1T11nl':) 

~ih~.:)f'U'U~fl1m~::~vtlf'Ufl1'J'U~fl1'J 1I~:: ~1'U l'U'Vi-W ':)':)l'U!TI1U!\PI v{~ih~.:) i ,r'U~fl1'J !tl'U ~'U 

Ucl U ' ~ " .ci.c9 I ~ G'.cd.c:t 0 i ';I ... 0 

! ~tI'UlI ~.:) !'b''U fl1'J!~llJ1~V':)~flTl1 W n~l'H'U':) '1 ()Vll!u'Um~flnW'YlllH~'Yll 'Hfftll'U::~V 111'Ul'U 

~fl~li'UTi'U1T11'J!U~tI'U'U 'J::'U'U\)::1I,j.:)'~ 2 u'J::Ul'Yli'HtY '1 fiv 

1. 'J::'U'U '~~V!clv.:) (Discrete system) ! tl'U 'J::'U'U~~1~ 111 U'J fftll'U:: \)::! U~tI'UlI u~.:)m 'Vi 1::U1.:) ~\PI 
"1 '''1 ';I "" .1 

~v.:)nm 111 l\P1!fl\PI~'U\PI~V\PInm 

2, 'J::'U'U~V!clv.:) (Continuous system) !tl'U 'J::'U'U~~1~11l U'Jfftll'U:: \)::! U~tJ'UlI U~.:) mil':) ~V! clv.:) 



fij :::: 
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.! i" Q.I d'.cid , 
1h ~ lf1 'VI 'tHl ~ ~ Hen'! 'Vlli 'VIlJ fl11lJ 11 'W 'tHl 'W 
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. 

. 
:::::iciht.f:iNp~~ 
::::::(:":::):: :.:>:::;:":':::<:::::.-

2. 1Pi111'lJ'lJ~1C'lV 'H; 'H~'W~lJ (Stochastic or Probabilistic model) ltl'W1Pi1U'lJ'lJ~1C'lV~'j~'lJ'lJli 

1~~1~ V~fi'lJfl11lJ il.iu oW 'W V'W 'il~1h~f)V'lJ~ 1~1Pi 111'l.h ~lJV~l~U' V~'H,j ~1Pi 1 rlC'ltl'Vl1r~ i~ 'il~ltl 'U 

l;~~lJ 'HlJl~mllJ11HC'ltl'Vl1i~ i~'il~ijf"h il.iuoW'Wv'W 

IPi 111 'lJ'lJ ~ 1 C'l V~ U'lJ 'lJ il.i~ v 111 v~ (Discrete model) ~l'UV ~1Pi 1U 1h 'Hl1'W~ 'il~ij~l 

JI I I I 

Time) 'il~u,j~'lh~11C'l11tl'WliC'l~fli'~ 1'lf'W 'il~~11i11lJ~li 1 'j~'lJ'lJijm'jl'l.J~~'W11'l.JC'l~ .. 

1Pi1U'lJ'lJ~1C'lV~U'lJ'lJ~Vl~V~ (Continuous model) ~l'UV~1Pi 1u'l.J'jffm'W~1'l.J~~'Wu'l.JC'l~ 

i~~C'lV~l1C'l1 
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.s.. " 2.3.2 fl1'HmEJ11!fl~1~'I1~~UU 

1. fh'l1'W~l')~tJ'l.h~{y.:Irl (Defines the objectives) !'If'W 1'Wfl1~~1"'V.:I~~UUff'WAlfl.:lm~V f11'11'W~ 
. ~ ~ 

1~m.h~{Y .:Irl':h~V.:Ifl1~'Yl~lU'!J~lJ1W ff .:IcMtl1 'WU~"'~fli'.:I U"'~ ff'WA1"'~"'.:I! 'I1~V'!J~lJ1wt'vh 1~ • 

" " I I 

2. {Yrl.:1~1UUU (Formulate the model) 1'W'U'W-U1l~f11'11'W~~1U'!J~~1.:1 '1 Vi!nfJ1'1i'tl.:l f11'11'W~ 

!itl 'W 1 '\J'I1 ~v'Ii' tl ~ 1 fl~ f11'11 'W ~ 'Ii' V{ylJ~ ~ U "'~ f11 '11 'W ~ fl11lJ fflJ ~'W ti ~ ~ w.i H~ 1U '!J ~! ~ 'W 

fl11lJfflJ~'Wti1'W~'!Juuu{ylJfl1~ (Equations) 'I1~tltl{ylJf1U (Inequalities) mU~fl'l{y~{ U"'~ 

UUU~'j'jf1~ (Logic forms) 

~ ~ ~ .s 
3. ~~111{yVUfl11lJ{ylJm~{ylJI:·m 'I1~VmllJ\!f1~V.:I'\Jtl.:l~1UUU (Validate the model) ~1lJmfl11lJ 

()f1~ tl.:l'Yl H~ n f1~'\J tl.:l 1 '!J ~ UmlJfltllJ~ 1!~V{ f11~ ~ ~ 111 {YtlU m~.yh! ~V! ~'W f11~ '!J 'j~fl'W 11 .. 

~ 

~ ~ ~ "" ~ ~~ , ~ ~ 0 ~ '-_1 .." 
'11 ~ tl'\Jtllq! '" '\Jl.:1! flfJ.:I 11 ~ ! ')j''\J tllq!",m '" 1'W 'W ! 'W fl1~ ~ ~ 111 {Ytl U u",~ {Yl'11 ~ U ! lJ ~ um lJfl tllJ'Vi 1!~ tl~ 

tlll1 1 ~11i! '!J~ fJU! Vi fJU H'" ~ 'Vi ti 11 lf1U 1.:1 ri1'W ~ 11111 lf1 1 '!J 'j !!f1~ lJ flU H"'~'Vi ti~fll'W 1'W 111 fJij tl 01 

1mj 

~ ~ 

4. tltlf1UUUf1U'Yl~"'tl.:l (Design the experiment) 1'W'lj''W-U1l~f11'11'Wfl~~fJ~nm'\Jtl.:lfl1'j'Ylfl'''tl.:l 
~ 

'11~ V f11 '11 'W fl ~ V U 11 1911'\JV.:I f11 ~ 'Yl fl '" tl.:l ! 'If'W f11 '11 'W fl ~ 1'W 1'W 1'W 1'W f1U 'Yl fl "'V.:I ~ ~u U ff'W Al 

~ ~ 

5. 111fl1'j'Ylfl"'tl.:l (Conduct the simulation) 1'W'u'W-u 1I~111fl1~'Ylfl"'tl.:l~1UUU~llJUUUfl1~'Ylfl"'tl.:l 
, "1 , , 

Vif11'11 'W fl1 'W'U'W ~ tl'W Vi 4 U"'~fll'W 1'W'I11fh1fl '11~ tlfh'!J~~lJ1W~H '1 Vi~ tl.:lf1U !ijtlllUfl1~ 

'Ylfl"'tl.:l !'If'W '\11~1!"''\J{Y~'!J~!~'Wnmfltlm~~fJ u"'~~11~~lfJ~1lJ 1flfJm~fJ !~'W~'W 



, 
<:l 

'U'YI 'YI 3 

" 
fl1) ftflfll i 14 ~ 114 1,) tJij ftfl'l:J 101 'j 1J 5 '111),) fl fl1 'j 01 'j '\1 14 ri ~ t11J 1J t~ lJ r114 t1 ~::;~ \9lJ 14 1t11J 1J ~1 ~ 'tJ~ 

fftll14 fll'j rut ~'tJi-;ltJ1tfl'j l::;,1-;n~w-l14 fll 'j f 1J ~1~ '\114 ri ~ iYml 1'\1 'tJ~ ~lh::; fl'tJ 1J fl1 'j 1 fl tJ'tJlfttJ~'tJlJmh~ ~ '\114 ri ~ 
~ ~ 

& ""'" 
• fffl'l:J1t1~::;'Vl1J'Vld14~114d'iltJ 

, " d ~ 0 ~ ~~ 

fllYl'Vl 3.1 t1fffl~'\114\Pl'tJ14fll'jfl1t1414fll'jl'iltJ 

ftfl'l:Jl~ fl'l:J ru::;'\1'tJ~iJty'l11fll'j 1J5'111'j 'j t11J 'j 'j 'YJ flt11J 1J t~ lJr114 t1 ~::;ftfl'l:J 1HU 1,) tJt1 ~::;'Vlq'l:J U~t~tJl~'tJ~ 

tl~~fl~11 Hi tJ1J'Vl~ 2 
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" " "1 , 
t 'U f11'j1~tJ'Uffn'hl1'1i'U ~V'U f11'juu'l1~nu 'Ii'U ~ V'U f11'j fmi11:l ~ 'UmY ~ff'Ufi'1 f11'j1J ~ 111'j 'j tH VifJln~1J 

" • I ~ "1""1" ., ,,""., " • I I 'I ''1 
'UV~ rjlJ'j ~ nV1Jf11 'j 9f~ l~ l~ 'j 1Jfll llJVt.! 1f1'j 1~11 'iJ 1n1J 'j'hl 'Yl rjlJ 'j ~ nv 1J f11 'j 'j()1J 'j'j '¥J n'U'U ff ~ 'j 1 fJ 111 ty 1 'U 

'" fl1 f1!l1 'U V 

.. 
3.2.1 'Ii'U ~ V'U f11'jUU'l1~~l'U'UV~UH'U n'U'Uri ~ 

, .. 
~l'jNVi 3.1 Uff~~'Ii'U~V'Uf11'jUU'l1~~l'U'UV~UH'Un'U'U ri ~ 

• f1Jrl11:l~'U'Uri~ 

• ~lfJrl1a~'U'Uri~lHn1J 
'j ()1J 'j'j '¥J n 

• 1~'U'YlNiuri~ff'U1{1~'iJ~ • 
UmfJ'Yl1~ 

o I .a Q 

• 'Yl1'j 1 fJ~ 1'U f11'j 'U'U ff ~ 1'Vl V1 1J n 

fi1'U'Uri~ 

.. .. .. 
'iJ1n~ 1'j1~'Ii'U~V'U f11'jUU'l1~~l'U'UV~UH'U n'U'U ri ~ ij'li'U~V'U~~lj 

"1 I I 

1J1~f1f ~n'iJ~ijrl11:l ~ ri l~m! 11 oU1lJ1nV'U 1'U Vi 'iJ~ t,r Yi1f11'j'U'U ri ~ f11 'j ri ~rl11:l ~'UV~ ~nl{ln'iJ ~ijf11'j ri ~ 

UUJ~ 111V i'Yl'j1oU1lJl'Yll~1J~li'Yl 111vmh~1J~li'Yl CTL 'iJ~ijnUi9f1P11~V t,rUH'Un'U'Uri~1oU1 iuw;hij .. 
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ff.f11'Y'1'1.1tl.:J'HllJ':i'Jl'Jfl !r1'U1i''U 

3 .2.1.4 U~'U fl'l.l'U ri.:J 1I::111fl1~ ~ltJ.:Jl'U '1 ,rWi'Y'ltJfl.:Jl'U .,j'lJ~fllJ~ ~'Ylfl • 

a fQ <J} d Y GI QI QI QJ ~QJ .a 0 .c!I 

3.2.1.6 UJ tl ff.:J ff'U m! ff~ 11 U {I 1 'Y'I 'U fl.:J l'U 'I.IlJ ~ fllJ ~ ~ l'J flll:: fl {llJ 1J 1 tJ.:J lJ H:I 'Yl! 'Y'I tl'Yll fl1 Hl 'U 

!tlflffl~ '1 'U fl1~'I.I'U ri.:J '1 ,rfilJU~'U fl'l.l'U ri .:J!~tl111fl1~ !iJfl~l'1.1'U ri.:J 

.Q.C:l Q,I 1 , 

3.2.2 11ifl1~ lI~ff~ Hl'U'I.I'U ff .:J'I.Itl.:JU~'Ufl'l.l'U ff.:J 

, , , ," I 

! ~1l'nh¥iYii' lJ~~')ftllJfl1~ ~~ff~ ~ 1I::'Y'I tJltJl1J '111' ~ fllJ ':i'Jl'Jfli.:J' lH'lJ.:Jl'U YiYi'U Yi~l.:J "l U lJlJ! rI 'U 1.:J~ tllJ 1 ~ tJ~ 
I ," I I 

~la.:J '1 'Ufl1~'I.I'U ri .:J~l.:JtI-U T:hdjm fllJ ':i'J 'Yl flt1'U 14 i lJri.:J ff'U ~1 '111' {lfl~l! ff~ lIUcl'l 11 ::ii~la .:J'I.I'U ri.:J '1 'U lJ '1! lW Yi . ~ 

.,j'tllJ{I~!nlJ 1Jl111fllJ'111 'Yl9i lmh.:JlJ~:: fltllJ~ ltJ.,j'tllJm11a.:J 'I.I'U ri.:J ff'U ~1 '1 'UU~ {I::! tr'U 'Yll.:Jfl1~'I.I'U ri.:J 
1 " .1 .di" .I.J'~" '" '" " " (t1 ~ ~1I'U 'Yll.:JU{I:: ~~ Um tJ'Yll.:J) 9f.:J ~~ 1I'U 'Yll.:J!!{I:: ~~ u m tJ'Yll.:J'U! lJ 'U '1.1 tllJ {I 1I.:J tI l~ 'I.ItllJm:: tJ::'Yl N 'I.ItllJ{lnm 

'1'Ufl1~'I.I'Uri.:J 
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, '" ~ 
'U'\.HY.:J'i,'1''Wfll 
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11111JlilU PTE O I"l~lilU UDN . . 
SRI 'Ufml'1 'l 'lt-1 NSN 

CBI o1itJlilU un: . 
NMA 'UfmJ;1J NPT .. 

" .':' , ... "d" i "" a ?i" i a "" 3.3.2 '\JtllJelfllff.:J'\J'Uff·HY'Ufll lfl'U'\JtllJel 'Utlfl~ 3 lfltl'U llJ'U'\JtllJel 'Ulfltl'UlJmlf1lJ -lJ'Ulf1lJ 'VU1. 
.. 'II .. 

2552 

SRI P1E 84.9 1.15 276 

2 SRI A Y A 645 1.1 405 

3 SRI CBI 206 2.33 237 

4 SRI CCO 167 3.07 147 

5 SRI m'l~ 180 3 258 

6 SRI KKN 300 4.43 297 

7 SRI UDN 477 7.34 300 

8 SRI LEI 426 6.46 306 

9 SRI NSN 179 2.54 1257 

10 SRI tIT! 239 353 276 

11 SRI KPT 301 4.52 354 

12 SRI NPT 121 152 255 

13 ceo SRI 167 3.07 825 

14 NSN PTE 225 3.21 981 

15 NSN SRI 179 2.54 648 

3.3.3 lh::lfl'Yl':i()'U':iH1fl Uel::~l'Ul'U':i() • 

.. 
i'U.:Jl'Ui~fJ'ihi1t1fl,j't1lJelfl1':i'\J'Uri.:J'\JtI.:J':i()'Un'Ylfl 10 llt! Uel :: li~l'UllJ 68 ~lJ 

'II • 
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o " 3.4 tl tl flU 1.1 1.1 U1.1 1.1;) U'I tl-3 tJO 1 U fll'HU 

" ~ 0 ,.." 

1. '\J'U\Pltl'Ufl1'j'U1!'\Jl'\JtllJ~ (Data Input) 

2. im~~lt1fl1'j'\J'Uri'l (Network) 

" 0 QI , 

3. m~'lJd'Ufl1'jff'jl'lfl1ff'l'\J'Uff~ (Load Generator) 

'jJ 

4. m~'lJd'Ufl1'jff'jl'lHl'IJ'j'j'V.!f1 (Truck Generator) 

5. m~'lJd'Ufl1'j~\Plff'j'j'jfl'IJ'j'j'V.!f1 (Dispatching) 

6. r-l~'iJlf1U'IJ'IJ~l~tl'l (Report) 

Start 

End 
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" " 0 Q.I 0" .ciQl.c::t 

3.4.1 'IJ~lqJ~Hn'H)'lJf)1)'U11'IJ1 (Data Input) lJfl'l'U 

o 59.5 80.2 137 171 254 375 564 503 225 241 332 66.2 

59.5 0 74.6 181 215 248 369 560 470 182 209 284 78.1 

84.9 64.5 0 206 167 180 300 477 426 179 239 301 121 

137 181 206 0 99.6 275 407 583 627 355 366 459 192 

" 0 Q.I " tl Y Y 'i d , Y 2. 'IJ~lJCHn'H)'lJ fl1) J;Y) 1'1 '11'U ) ~n ~'lJ WHJ 'IJ ~ lJ(l nu J;Y'I'I1'U 'U ~fl iii U'lJ '1UtJnlil1lJ) 1 tJ"nfl1 
'II 'II 'II 

.cS "OQ.l " 

1iI1)1'1'Yl 3.5 UJ;Yfl'l'IJ~lJ"J;Y1'H)'lJfl1)J;Y)1'1'11'U 
'II 

SRI-PTE 84.9 1.15 0.465 

A¥A SRI-A¥A 64.5 1.1 Poisson 0.115 

CBI SRI-CBI 206 2.33 Poisson 0.414 

SRI ceo SRI-ceo 167 3.07 Poisson 0.287 

SRI NM_I\ SRI-mIA 180 3 Poisson 0.241 

Y • '" Y tl YY tl • 
3. 'IJ ~lJ(l J;Y1 'H) 'lJ nu J;Y) 1'1 HI 'lJ)) 'Yl n ) ~ n~'lJ fl 1tJ'IJ ~lJ" ) ~ lfl 'Yl ';it) 'lJ)) 'Yl n 111 'U 1'U)() 'lJ)) 'Yl n 

cu q " q q 

lm~9l1U 'Htl '1~) fI'lJ)) l'J mJ) ~ ~ 1 ~ ~ 

4. ~~lJ"'IJ~'1nm tl)~n~'lJtl1tJ nmfl1)1~'U'Yl1'l (Travel time) nm)~fi1J'I'IJ'Uri'l'IJ~'1)fI'lJ))'Yln 
'II • 

..1 
(Waiting time of truck) nmhJfl1)'IJ'U'IJ~'1'IJ'U - "'11l1f))fI'lJ))l'Jn (Loading and Unloading 

". . 
time) 'Htl1tJn"1"''1'HlJflll~ltl'U'I11 1lJ'I U"~ltl'U~lmVi 
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2.51 2.09 2.33 4.11 5.15 5.1 5.49 8 6.07 1.49 2 3.16 

0 0.49 1.12 1.4 2.44 3.58 5.41 8.29 7.45 3.21 3.49 5.11 1.03 

0.49 0 1.11 2.07 3.11 3.57 5.41 8.28 7.29 2.41 3.18 4.29 1.11 

1.15 1.1 0 2.33 3.07 3 4.45 734 6.46 2S4 3.53 4.52 1.52 

1.4 2.07 2.33 0 1.58 4.2 6.18 9.07 9.04 4.4 5.2 6.3 238 

3.4.21m.:l~1t1 (Network) 

. " 
f11'J ~~N 1 m .:I~lt1f11'J'\J'U ff.:l ~~un: m)'U~,.;ltJ~mH'l"l11 '\1t.kYill.:l'U~Ei'Vl ~u'J ~ m)'Uf11'J "lU'\1'11.:1~~ .. .. . 

'Jt1'U'J'J'YJf) (Truck Queue) ~111i''Uff.:l.:l1'U u,, ~ ii~J'\JeN.:I1'U (Load Queue) ~~~l.:1~'U111Ht~6i'ml1i.:l l'U 

f11'J'\J'Uff.:ltn~m~'UJ'Uf11'J~~Nfhi.:l l'Uf11'J'\J'Uff.:l ll.:lfl1'Vl~ 4.2 U~~.:IllJ6ri1.:1 1f1H~1t1f11'J'\J'Uff.:l 

t ~ 'U f)1 'J ~~ l.:1fh i.:l l'U f11'J '\J'U ff.:l~ 6'U t~ lJ~ 'U '\J 6.:1-)'U 1 'U u~" ~ -)'U 1 ~ till 1w1~m.J ".:I 1'U 1 'U 6~ ~ 111'\11 

f11'Jm ~ ~lt1llJ 1~tI~ ~ ~~l.:1~li.:l l'U f11'J'\J'U ff .:IUtlf)fjtu ~m:ltu~ (Attribute) '\J6.:1~li .:I~llJ\!f)~l ~~~'U'Vl1.:1 
" . " 

U(I1t1'VlN tm~u'J ~ t.f1'Vl'\J6.:1'J(l'U'J'J'VJf) ~.:I,r'U~U'J ~ f)6'Uf11H~'Vl'J l'U~l1:Y .:I'\J'U ff .:Im'Vl1 ~ l'Uu~,,~ -)'U,r'U "l 11 

I t" I 

ii'\J6.:1 iUff.:l-¥i i '\1'U U1.:1 u~ ~~ i1i'Vl'J1'U11-)'Uf;i~ i U~dMl1:Y.:It vh i 'J ii.,j'U~6'U f11'J~~l.:1~l1:Y.:I l'U f11'J'\J'U ff .:I~.:I 
. " . 

.f11'Vl-¥i 4 .3 11~~.:I.,j'U~ 6'Um~'UJ'Uf11'J~~N~11:Y.:I 1 'Uf11'J'\J'Uff.:l 
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I Truck Queue I I Truck Queue I 

I Load Queue I I Load Queue 

Start 

Holding Load Report Load Queue ) 

." . 
fll'YrYi 3.5 11 'ff ~ ~ 'Ii",..! ~ fl 'W m ~ 11 1'W fl1 ';j 'ffr 1 ,uha ~ 't 'W fl1 ';j '\J lJ'ff ~ 

'I 1- I 'iJ 0 "'1 d, 'I iJ iJ , "" 1'W l.ImmlJ'lf1t1'ff';jl~111111'ill(1fl~'il~lJ lJ~(1'Y1'lf1t11'Wf11';j'ff';jl~'\JfllqJ(1111111,,!lJ flfl Random number 

block tJ l'U/fllqJ(1'\Jfl~f>h~' ~'\J'W -ff ~ 't -ffl oU'l i 11 V~ Random number block l~ fl 'il~'ffr l~f>lla ~'\J'W -ff ~ Random 

number block 'il~'111~11111111m~'illt1,r111(1~fiml~tI'\Jfl~f>lla~'\J'W-ff~ 1~tI Block 1191(1~V'W'il~'ffrl~f>lla~ 
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" , I S1 " " 

~llCl'\l~lJii lI::\lfH;t)lJ~t) i,jiJ-:j Create block 1'11'rl1ff -:j'\l14ri -:j\lflff~l-:j~14 114 fl1~l~fJii fflJ~~1 'I1'-:j114l1-:jMlJ~ 

lfi~~14i-:jMlJ~ 11491t)141~1'\lt)-:j114 ~-:j,f14114 Create block 1I::1ri~1'\lt)-:jnmfl1~l'li'1lJ1'\1t)-:jrl1~-:j'\l14ri-:j (Time 

, " , 
between arrivals) ij~lfl-:jfil'vhn'IJ 1 fli'-:j~t)114 rl1ff-:j'\l14ri-:j1l::ijfl1~fhM14~flW"flElW::m'Vn::114 Set block • 

" '''' ~" 1111 fll'Vl1fl'IJ I11J149114 

2. ~~~14'VlN (Origin) lI::I~14~llCl'\l'\lt)-:j~ll1ml-:j~14'Vl1-:j~i~fhM1491 i~1I1fl'li't)lqJCllm-:j~lfJ lcM14 ~ 

~ll1ml-:j SRI I'vhn'IJ 4 l~14~14 

3. 1I~,jCl1fJ'Vl N (Destination) 11:: 1 ~14 ~ llCl'\l'\l t)-:j~ 111 MU-:j,j m fJ'VlN ~ i~n1M 14 ~ i ~1I1fl'li't)lJCl . ~ 

lm-:j~lfJ lcM14 ~~llLMU-:j PTE I'vhn'IJ 2l~14~14 

4. ,j~::l.f1'Vl'\lt)nfl'IJ ~ H'lfl (Truck type) 1 ~14 fl1~ ~::'4,j ~ ::1.f1'Vl'\l t)-:j ~ fI'IJ n'VJ fl~ 11:: i' 'lJrl1~ -:j'\l14 ri-:j 

lcM14 ~fI'lJn'Vlfl 10 fit) I'vhn'IJ 1 l~14~14 • 

5. lff'14'Vl1-:jfl1~'\I14 ri -:j (Route) l~14 fl1~ ~::'41 ff'14 'Vl1-:j fl1~'\114 ri -:j 1 '11' n'IJrl1~ -:j'\l14 ri -:j E14 ri'11'~ t)~ 11:: 

<!/" 'I '" i. I'I"'1" 0 '''1.1''1''' 0';' 
ff1lJUfI~-:j'\lt)lqJCl~::fJ::'Vl1-:jI1Cl::nCl1l14flUl~14'VlN lJ l'lf lMflUfIl14l1491t)llJ l~ l'lf14 fIlff-:j 

'\I14ri-:j1l1fl SRI i,jiJ-:j PTE lI::ijlCl'\llff'14'Vl1-:jfl1~'\I14ri-:jl'Vhn'IJ 43 l~14~14 
, 1 I I " , I 

6. nmfirl1ff-:j'\l14ri-:jflflff~1-:j (Order time) l~14nmfirl1ff-:j'\l14ri-:jflflff~1-:j~14 MlJ1fJ~-:j114firl1ff-:j 
~ ~ 

"1'" , 
11 1 flU14 rl1 ff-:j '\114 ri -:jl1-:jMlJ~ lI::\lflri ~ i,jl~'IJ Hfifh~l14 (Load Queue) 1~m1 fJ~911lJ"1~'lJnCl1fi\lfl 

E14/h I1Cl::ij~l14ri'l~ri~ (Holding Load) ~ i,ji~i''lJfl1~ri~1I1fl114~H114lJ111::\lflt11fl'''lJlJ1l1 fJ~ H114fh-:j114 

'\It)~114 t1~lJ1l~fJlI::l1fJ~ 1 'I1't)~1 14 "l~'lJm fl'\lt)~114 
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o 4 9 50 o 

o 4 7 48 o 

o 4 11 52 o 

o 4 3 44 o 

o 11 4 143 o 

o 6 4 73 o 

Random number Create Item Set Attribute Collect data 

Collect data Load Queue 

. " 
"" '" 'JJ flWfYl 3.6 Ilff~~'IJ'U~fl'Uf11'H"'n:J 'HW 

'JJ 
3.4.4 m~'U1'Uf11'l'ff'l'N'Hl'U'l''l''YJf) (Truck Generator) 

'l 'i.1 'l 'JJ 0 ""'I' "1'JJo", 'JJ .1 "f 
'l' (l'U'l''l''Ylf) 'U llJ'l'1lmlJ 'U f11'l' ff'l' NIL 'U'U 1l1~ fl~ ll~lJ llJ~ ~ l1ffTI1'l' 'Uf11'l' ff'l' 1~ 'l'(l'U'l' 'j'YIf)'IJ'U lJlf1fl Resource . ... 

" '" "" Set block ~~'U 

" "" '" "" ff(ll'U~'l'(l'U'l''l''YJf)lJ~~'U 

.d 'JJ 'l 'JJ 'l'(l'Un'YJf)'YIYl'jfllJ 'lf~1'U (Available truck) = 0 

do fV~ , 

'l'(l'Un'YJf)'YIf11~~1~ff~~1'U (Moving load) = I 

'l'(l'Un'YJf)~fh"'~~~t~rntilril (Empty load) = 2 
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2. lh~1fl'YlHl'U5'n'Jn (Truck type) 1~'Um55~'lJ'll5~1fl'Yl'tJtI~5f1'U5HJnl'lf'U 5f1'U5HJn 10 atl 

l'vilti'U 1 1~'U~'U 

3. I9llU'Htl~lhfl'Unl'Jntl~ (Location) 1~'Umn~'lJl9llU'Htl ~ i,rti'U5f1i15f1t1~i'U19l1U'H'W~ i~ 1'lf'U 

1 ~lJ~ 'U 5 f1'U 5 5 l'Jn tI~~ 'U 111 'Yl ~~~tI ~~ I9ll11'H tl ~~ 1 lri tJ1~ 'U 'Yl1~ hH 'U ~ l'U ~19l1U 'H tl ~ ~ 2 

I9ll1mtl~'tJtlnfl~~~1'll~tJ'U~ln 1 1~'U 2 1~'U~'U 

4 . 'HlJltJ1Cl'tJ5f1'U55l'Jn (Number of truck, Time) 5~'lJ1Cl'tJ5mlfiCl~fi'UffllJnm~'lJl~'U'HlJ1tJ1Cl'tJ 

" 'tJtI~'Yl~1ijtJ'U 5f1 i~ i 'U ~1'U i~tJi1 ~~5 ~'lJl~'U""'m'1'tJl~tJ~mh~1~tJ1 

5. nmm51~'U'Yl1~ (Travel time) 5f1ufiCl~fi'U~dh1Cllm51~'U'Yl1~~~ti'U"15f1i'll~1tJ nm~~~n 

1~'Uff~fflJ i'll1~tltJ "l ~llJnWtll~1'U'tJtJ~5f1fi'UJ'U "l 1~tJ~~u,j~1~'UnCllm51~'U'Yl1~1~tJ1m! n 

UCl~1~tJ11'llcil (ML and EL Travel time) 
, I I I 

Cl.c:l QJ I Q.I d .Clt, d 

6. 5~tJ~'Yll~1~1'YltJ1'H'Un (Moving Load Distance, ML Dist) 5f1U~Cl~I'I'U~~lJ5~tJ~'Yl1~1~1'YltJ1 

m! n~~ti'U"15 fI i 'll~ 1tJ 5~tJ~'Yll~ ~~~m~mY~fflJ i '111~tJtJ "l lritJ5 f1fi'U J'Ufll"~~~ l~tJii'tJtJ~ 
I 

tlQ'U'U5f1 

7. 5~tJ~'Yl1~~~1~tJ11'llcil (Empty Load Distance, EL Dist) 5f1ufiCl~fi'U~~ii5~tJ~'Yl1~~~1~tJ11'llcil 

~~ti'U"15f1 i1.J~1tJ 5~tJ~'Yll~~~f1m~'Uff~1:YlJi1.Jl~tJtJ ~ lritJ5f1fi'UJ'Ufl1"~~~ l~tJil.iii'tJtJ~tlV ~ I ~ 

'U'U5f1 

, . , 
8. ~ l'U 1'U 5 tJ'U'tJtJ~ 5 f1'U 5 5l'J nVi i' 'U ~ l'U (Trip) 'H lJ1tJ()~ ~ l'U 1'Ul Vi tJ1Vi 5 f1'U 5 5l'J ni' m'l1ff' ~'tJ'U ri ~ 

Q,lOQ,l ICl91 • • • .d, d 
9 . nm5tJ5'Ul'I1ff~'tJ'Uff~ff'UI'I1'tJtJ~5f1'Unl'Jn (WaItmg time of truck) ~~lJm51n'UnCllm55tJ 

~l ~ ~ 'tJ tJ~ 5 f1'U 5 5'Yl nufi Cl~fi'U ~ tlvi 'U ti 1~ 5 tJi''U~l ~ ~ 'tJ'U ri ~ i1'U III . ~ 

"1 I " I 

1 O. ~1'U 1'U 1'Ii' ~ i'U m5Vi5 f1'U n 'Yl nn,,'U lJl~ n HtJ'U Vi'U 111'Yl ll~1 ~'U ~ l'U 1'U 1'1 i' ~Vi 5 f1'U 5 5 'Yl m~'U 'Yl1~ • • 

(Truck Queue at Base) L~mtJVllm5 i1.Ji''U~l'U'tJ'U ri ~ UfiLritJ5f1'U55l'Jn i 1.Jri ~~l'U~l9llU'Htl~ i~5f1~1l~' 1.JtJ~ 

v~ti15f1~l9llLmtl~J'U "l (Truck Queue) ~llJ 1I'1H,jltJm5'tJ'Uri~~ff~1~~'U 



Resource Item Set Attribute 
Truck Queue at 

Base 

.d " .f1WfYl 3.7 UM1.:Jm~'lJ1'Wfl1)'ff·n~·Hl'lJ)·n'Jfl 

:\.':Wl"llci.::.' ~I 1· :_I.~' p'" T;J-h, ":a p l l ::-:.~ T:;:r~. T..!""'::~-:, LO:;l"lO;. "IT. D. . EL D.,' "[L 1 "'1" 

0 1 0 1 0 1 0 0 0 

0 1 0 2 0 1 0 0 0 

1 1 0 3 5,2 1 100 110 2..5 

1 1 0 4 5,5 1 150 100 3 

2 1 0 5 6.6 1 200 120 4 

3.4.5 m~'lJ1'Wfl1)~~'ffnHl'lJ))'YJfl (Dispatching) 
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EL Tc"e 

0 

0 

2.7 

2S 

2.6 

ieM' Equation Block (Check and Choose truck) it.jfl1)r11'W1'W~n~tJ~'YI1.:J~Hl'lJn'YJm~'Wl'l1.:Jifl~~"l~lJ1 

1'lJ.:Jl'W hw Equation block ~~1~~lJ~~lJ1~lfl~1'\1~.:Jr11i.:J'\I'Wri~ 11~1~~\9l)1~'ff~'lJ~1'W1'WHI'lJn'YJfl~lfl 
. " . 

~1)f1'Y1fl"lU ,..,tl~ U~1'Yllfl1) l~~fl ';h~~~ i eM')f1~lfl"lU,..,tl ~ 1l1'W lJl1'lJr11~ ~'\I'W ri ~~1'W,r 'W ~lflm'VlVi 4.6 • 



Load Queue 

Truck Queue 

Check and Choose 
truck 

3.4.6 m~lJ'd'Wm~~'Wri.:! (Transport) 
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"1 " 
~'W ri.:! ffm'W~~~.:!H)lJ ~ ~ 'Yl fWl~'W ij fit)'f1'm'W~H) lWU ri1 UCl~~ 1U 'I1,j .:!~~.:! ~ tl~I'lJ~fJ'W hJ~ llJ~ 11m,j.:!-¥i ~ tl • 

" I I , 

1l~11Cl1fJ'Yl1.:! ffm'W~~~.:! ~ tllJ~ ~'Ylf)~ ~'W ij fi~~tl-¥il.:!l-¥i fJ'dmr f) 1 ~Wll~ij1 'dm t 'W m~ 1~'W 'Yl1.:!~~.:!1-ff'W 'Yl1.:!m ~ • • 
" '" , 

~'W ri .:!U'W11j'W')'dfh'l1'W ~llll~~.:!11Cl1fJ'Yl1.:! t~l 'dm1 'Vh i ~ t'W .:!1'W l~fJij 1l~n1'l1'W ~ t '11'1 'dCl111j'W ~l!N-¥i 11i~~.:! ~~ 

11Cl1fJ'Yl1.:!~lldhm~~'W ~~':!Cl':! 111m tl t 'WldCl1 t 'W m~~'W ~~.:! Cl.:! (Unloading time) 11j'W~1f1.:!~ ffm'W~ 

~ tllJ n 'Yl f)~1l ~ 111~fJ'W11j 'W ~ tllN.:! l'WUCl~ ~tl t 'W ~11m,j.:!11 m fJ'Yl1.:! ~ ri.:! ~~.:! 1 ff~ 11 ~.:! fl1Yl~ 3.9 U ff~.:! . ~ 

" " 1 I 

m~lJ'd'W f)n~'W ri.:! 1l1f)U'W ~ tllJn'Ylf)~~ ~ 'dllff~lJ':! 1'W ill ldmU'W llll~ij.:!l'W -¥i 1l~~~.:! i 11i'lJ-¥it~ 1~fJll~ij • 

" I I I , 

'11~~ ili 1l1f)m~lJ'd'Wm~ij 1l~fI1~mnut'W~'W1f1~llll~ln~.:!1'W-¥i~lU'I1,j.:! t~ 1~~-¥i1l~tl1~tl i11~m~~i'lJ.:!l'W 

i~ (reposition) t'W f)1 ~ 1 fI g~'W ~ ~~n tllJ ~ HJ f) i 11 V.:! ~ 1U 'I1,j.:! ~ 1.:! "l 11 ~ ii ffm 'W ~ ~ ~.:! ~ m 11~ fJ'W i 11~ llJ 

~11m,j.:!~~tli11~.:! ~.:!fl1Yl~ 4 .7 UJ:-l'Wfl1YlUff~.:!m:::lJ'd'Wm~~'Wri.:! 



Truck Status 
Available = 0 

Loading at Origin 

Truck Status 
Moving load = 1 

Waiting at location 
Queue for next load 

Travel to receive 
load at origin 

Collect travel time 

Unloading at 
destination 

Collect travel time 

Send load to 
Destination 

Collect travel time 
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Truck Status 
Moving empty = 2 

Collect travel time 

Truck Status 
Available = 0 

3.4. 7 f11';j~lt1~lU'H-U.:j·H)lJ';j·n'Jn iUfJ.:j~lU'H-U.:j~'U (Truck Reposition) 1~t1';jfllJ';j';j'YJnVi1f11';j'\J'U ri.:j 
• JI • 

1 ff~ ~Vi~ ~U"'1t1'V11.:j i 'U.:j 1'U i~tli1 n1'H'U ~ fffll'U f11';j W n1';i ~1t1~ 11111 -U.:j ';j fI 1~ t1'V1~ fftllJf11 ';j lJ'1 'H 1';i f11';j '\J'U ri.:j 

tl1A'.:j'\J'Uri.:jff'UA1~t1 ~.:jUff~.:j i'UUr-I'Ufll'V'l~ 3.10 

fffll'Uf11';jW~ 2 1~t1Vi1f11';j'\J'Uri .:j1ff~ ~U~1 i'l1'';jfllJ';j';j'YJf)';jtltl1A' .:j'\J'U ri.:j ~l';jtl1fi'U ~1'U 1'U~11lJ.:j 

aid ~ 0 I d "i" "\q_10' od.d I -C:I. 

fffll'U f11HU 'VI 3 llJtI'VI1f11 ';j '\J'U ff.:j 1 ffH 1W1 'H ';j f1lJ ';j ';j 'VI ntl1 tI';j fI llJ 1PI1 U'H 'U.:j'VI 'VI fI1 ~ 11 ~~ln~ . 

I I I " 

1fi~tl1~.:j'\J'U ri.:jlJ1Viff~ ~.:jUff\PI.:j i'UUr-I'Ufll'V'lVi 3.13 l\P1t1~nn1';itl1'U1'U~.:ji1 • 

, i ""1 d" i" i' " d • ';j~lJlJ~~'H111 'U';j~tI~ 100 n "'llJIPI';j lJ~\PIIPI'U'Y11.:j \PI1J1.:j U"'~ 'UUIPI"'~~\PIIPI'U'VI1.:jlJ 

fI11lJ-U 1~~1 ~'U ~ ~~lfi\PItl1A' .:j'\J'U ri.:j ff'U All'Vll i~ 'H1f111lJ-U 1 ~ ~1 ~'U ~ 1n~\PI ri1'U 
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" . 
~~'JVd1.:J ~.:Jij f\1'H'W~'l~tJ~'Vl1.:J1VirnnJri1~.:J,,!~ 100 fihUJ~'l 

;' 
j: 'J 0 111 ~ il ;, -._ ill, L::J il i1.~'-.-11l J" li !ll'll-,;W: l~Lfl~~',X-..,m~ fll1W-'11~:- :-.-T~ll'~'l~_'lfl ~i1v,~-fil~ 

A 0 0.2 0.2 

B 50 0.2 0.1 

C 90 0.6 0.06 

1l1fWl1'l1.:J~ 3.9 1l~lM'Wi~';hfl'J1:ut111l~1~'W~~~~'W'YlN C ~~l:1Jlf1~,,!~ U~fl'J1:ut111l~ 

1 ~'W 1 'W f11'l ~ltJHltJ 'l 'll'J f1f1~tJl~'W ~~ ~'W 'Yl1.:J A :U1f1,,!~ 1 i1 V.:J 111 f1~ ~~ A 'l (1tJ 'l 'll'J f1 i1i~f11'll~'W 'Yl1.:Jl ~ tJ'J 

nJri1J'W1V.:J 

Truck Status 
Available = 0 

Loading at Origin 

Truck Status 
Moving load = 1 

Travel to receive 
load at origin 

Collect travel time 

Unloading at 
destination 

Collect travel time 

Send load to 
Destination 

Collect travel time 

Truck Status 
Moving empty = 2 

Collect travel time 

Truck Status 
Available = 0 



Truck Status 
Available = 0 

Loading at Origin 

Truck Status 
Moving load = 1 

Travel to receive 
load at origin 

Collect travel time 

Unloading at 
destination 

Collect travel time 

Send load to 
Destination 

Collect travel time 

~ '0 ~d 
fll'VfYI 3.11 11 ff fI ~ m ~ 'U 1'\...1 fl1 ';i 'IJ tHY ~ 11 'U 'lHll Cl tl 'HHll '\...I fl1 'HU'YI 2 

Truck Status 
Available = 0 

Loading at Origin 

Truck Status 
Moving load = 1 

Travel to receive 
load at Origin 

Collect travel time 

Unloading at 
destination 

Collect travel time 

Send load to 
Destination 

Collect travel time 

Truck Status 
Moving empty = 2 

Collect travel time 

Truck Status 
Available = 0 

Truck Status 
Moving empty = 2 

Collect travel time 

Truck Status 
Available = 0 

36 



Set EL distance 

Find Origin Around 
location 

Choose Max 
Probability route 

Back to Base 

.c:S 3J 0 I 

fllVfVl 3.13 Uff~~m~1J"J'Uf)1'Hn~~lU'\1'U~1f1 (Reposition) 

" 3.4.8 f-nHl1ml1J1J~1"fl~fffl1'Uf)11W i'UU1J1J~1"fl~~dhn11~m)1\9h~ "1 ~~ij 

1~~~'Yll~~1f11J11l'JfI~~1~~"Jmrml"~1~~"JltJril (Moving Load and Empty Load Distance) 

1~~~11mf)111~'U'Yll~1~~"J'\1irml"~1~~"JltJril (Moving Load and Empty Load time) 

11m i'Uf)111~'U'YlN~fl~1f11Jn'Ylml~,,~fi'U (Travel time) • 
I , " I 
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~1'U "J'U jlh ff ~~'U ri ~Vi \lflff~ 1~~'U i 'UU~"~1'U 1 ~~~ ~ 11~~ l'U ~~ 11~"~1 ~U~~fl~fll ff ~~'U ri ~U~ 

"~fllA' ~ 1'lf'U 1~'U fllA' ~~'U ri ~~1f1~~,)''U 'Yl1~ ~~'\11~'Umff"J11~' tJV~tJ"lU'Yll~~~'\11~ff1~'41 

11"1~ '~i'1JfllA' ~~'Uri ~ U"~\lfl~'Uri~ 1~mfl1J11l'Jflfi'U~l'vh' 1 

~1'U "J'U fllA' ~~'U ri ~~ '~i'1Jf)11~'U ri ~U"~ hj'~i' 1Jf)11~'Uri ~ 

~1'U"J'U~"J 11J~~1f11J11l'Jml~"~fi'U1flfllA'~~'Uri~iY'U~1 (Waiting time of truck) 

• ':'1" .. ".1 ~1'U"J'U'lf"J 1J~ !'Uf)11~'Uff'Urn~'Ull"~"~~lmfl1J11l'JfI (Loading and Unloading time) 
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Max working time = 24*Day -12 {(24*Day) / (MA + RT)*~1'U1'U'Hl'U))'YJfl} 

. ~ 

l1l.:Jl'U~l~ '1 Yi'Hl'Un'YJfl '~l1l hwihY~Hh'U ~.:Jij 

. ~ . 
1. ~~"h'Ui1llJ.:Jfl1)111~1'U'\JV.:J'Hl'Un'YJfllh~flV'U~ltl 5 ri1'U~.:Jij ~.:Jfl1'V'1Yi 3.15 

l11v{1~'U"~1'U1'Ui1lm~)tl'Un'YlmVfll~.:J'\J'Uri.:JiY'U1{1 'I1lJlt1~.:J ~1'U1'Ui1llJ~ • 
"" I 

11.:J 'I1lJ~.yh tl'U)) 'Yl m Vfll ~.:J '\J'U ri.:J iY'U I{l 1~ tI) tl'U)) 'Ylfl 'il ~1 ~'U) tl'U))'Yl m Vfll ~.:J • •• 

'\J'U ri.:J iY'U 1{1V~'U V fl'U ~ Ei'Yl '111) ~ 1m 1m~) tl'U))'YJ fl1:1'llJ1) tl111.:J l'U ,~ 

l11V{1~'U"~1'U1'Ui1llJ~~)tl'Un'YJfl1.:J'\J'Uri.:Jff'U1{1 'I1lJltl~.:J ~1'U1'U~1'U1'Ui1llJ.:J~ 

) tl'U)) 'Ylfl1.:J '\J'U ri.:J ff'U I{ 1'111) ~ 1m 1m~) tl'U n 'Yl fl1:1'llJ 1) tll1l.:J l'U i ~ • • 

'" ".1 ".d 0 "1" 
n(jl'\J'U1:1''UfIl'\J'U - (j.:J )tl'Un'YJfl'l11)~lm1m'Yl)tl'Un'YJfl1:1'llJl)tl'YlNl'U l~ 

1 11 V{l~'U" ~ l'U 1'U i1llJ.:J~) tl'U)) 'YJ fl'V'l ~ VlJ i~) Vrll ~ ~ '\J'U ri.:J V ~~ 'U ~Ei 'Yl '11lJ1 tI~.:J 

~ l'U 1'Ui1llJ.:J~) tl'Un 'YJ fl'V'l~ VlJ i ~m'.:J 'ill m tl ,~-w fl.:J 1'lH 1:1'~ 'ilU~l)Vrll~ .:J'\J'U ri .:Jv~~ 

'U~Ei'Yl'l11)~lm 1m~) tl'U) )'Ylfl1:1'1lJ1)tl111.:Jl'U'~ • 
"I '" '" i" <!J "I <1' d <1'0 ~ 'i 2. U)~1:1''Yl1ifl1'V'1fl1) 'lf~l'U'\JV.:J)tl'U))'YJfl (Truck Utilization) 'I1lJlt1tl~ luVWlf'U~'ill'U1'U'lf1llJ~ 

'" " (j.:J 1:1''\..1 fIl 

3. 11)~iY'Ylnfl1'V'1i'Ufl1)i,r'U~fl1) (% Service) ;iv ~1'\..l1'\..lrll~.:J'\J'Uri.:J~i~i''Ufln'U~fln'l11) 
. ~ 

~1'U 1'Urll~ .:J'\J'Uri .:Jl1.:J'I1lJ~ 
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• ~l'U1'Wi11lJ~~'jClm'j'VlmH)~'j~fil~~~'Wri~iY'Wt1'1'W~f)'l.J7'l:i'V1 

• ~1'W1'Wi11lJ~m'jL~'W'V11~L~fJ1 ... nrf) 

• ~1'U1'Wi11lJ~m'jL~'W'V11~L~fJ1LUcil 

• ~1'U1'Wi11lJ~~'WiY'W1i'1 ~'W - 'cl~ ~lmmJ'j'j'Vlf) 

• ~1'U1'Wi11lJ~~'jClm'j'Vlf)'VI!~lJ'1;;'j~fil~~~'Wri~iY'W1i'1~d~'l.J7'l:i'V1 

~,,~,,'& '" '" i i '" 'd "",& 0" '" L1 IlJ'W~'W 'j llJfI.:JVl~~H)'Um::'U 1'W f11'j~~1:1''W ~ 'Wf11'j ~~1:1''j'j 'jfll1lJfll1lJ\ln~tl.:J IICll~.:J'W l'\JtllqlCl ~ Hm 

Yl1f11'j Vl~1:1'tl'Ul.y; tll m tJ'Ul Yi tJ'U HCl 'j::'11 ';h .:J.u'tllqlCl ~ ~ .:JIICl:: HCl ~ 1ml 'U'U ~ 1Cl tl.:J 
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• _I' 0 

3.6 66flU1.J1.JUi:lZ'rIPltT61.Jfli:lQ'rI fi llJU1.J1.JPl1-3 9 mflU1.J1.J;ni:l6~ 

o 'jJ "o..,j 1 "" ~ " 
'Yl1 fll 1 ff 1 1 \HY fI1 'U fll'H1Hl 1 ~H) ~ I 'YHI 'Yl ~ ff fl 'lJ fll 1 "nnJ tJ 'lJ 1 tJ 'YI 1 flllJ 'U fll 1 1 1'1 fHHJ 'Ylli 'IJ fl ~ • 

" ~lh::flfl'lJfll1 i 'U fll'n1~1I~'U fll1'IJ'U ri ~ 1~tJ~::iifll1'Yl~fffl'lJlI 'lJ'lJ ~1"fl~ffm'Ufll1W~1~ '1 ~~ij 

3.6.1 fll1'Yl~fffl'lJ~ 1 1~'UII'lJ'lJ~l"fl~ffm'UflnW~ 1 l~tlHl'lJ11'YJflI~'U'Yl1~itJri~'lJtl~~,~ 

tJ "ltJ'Yl1~ I ff~ ~1Il{1 i 11' 1 () 'lJ 1 1 'YJ fll~'U 'Yl1~ fl ~'lJ ~'lJ ~1i 'Yl't1'U Vi ~:: illii fl1 1 i' 'lJ~ 1 a ~ 'IJ'U ri ~ ~'U 111 Vfl~ 'U fl11 

1 ()'lJ1 1'Yl flfi'U ~~flri11~ ::I~'U 'Yll~fl~'lJ i tJ~'lJ ~1i'YlIIl{ 1 ~~ ~::,"l 11 U'U fll1 i''lJ~la ~'IJ'U ri ~ ~'U 111 1 ~tJlI 'lJ'lJ ~ l"fl ~ • 

o ~d 
1I'lJ'lJ~1"tl~ffm'Ufll1W'Yl 1 

tJ (11 tJ'Yl 1-3 I ff~ ~1Il{1 i 11' 1 tli' mil a ~'IJ'U ri ~~'U 1I11~tJ1 tl~ ,~tJ (I1tJ'Yl1~ l~fl1 () i~i' 'lJ ~la ~'IJ'U ri ~ ~'U 111 Ill{ 1 

1 ()'lJ 11 'YJfl ~::I~'U 'Yll~ i tJ i' 'lJ ~'U fl1~ ~'U 'Yl1~ i 'YIlllI"::I~'U 'Yll~ i tJ ri ~ ~'U fl1ii~, ~tJ" 1 tJ'Yl1~ I~tl ri ~ ~'U fill ff~ ~ 

1Il{1~~::~1 1~ fffl'lJl 1(1111 i fll{~~fi1'YI 'U ~~ 1 ()'lJ 1 1 'YJ flfi'U ~~ flri11 ~::~tl~ fl~'lJ i U'lJ~1i'YlIY7tl'YI ~~~flHfl'UIIl{1 

'YI ~ tl illli'l ii~ 1 ()'lJ 1 1 'Yl fl~~::1 fl~ 1 a ~ 'IJ'U ri ~ ~'U fl1 i 'YIll~ ~ ~tJ" 1 tJ'Yl1~ II~ li' 1 ~1 'lJ Ill{ 11 () 'lJ 1 1 'Yl fl ~ ::I~ 'U 'Yl1~ • • • 

~::I~tlfl i tJii~ '~~'U'Yl1~~m~11~::iilflfllffln~ ~ 1'U lJ1fl~~~ II":: i ~1:: tJ::1 1"1 i'U fll 1 I~'U 'Yll~1 ~tJ11 tJ ri1.u tltJ 

~ ~~ 1I"::I~tlii~l'U 1'U 1()'lJ1 1'YJfl~ltJ i tJii~ '~~'U 'Yl1~~m~d1U l~::ln~ ~1'U1~ tJ~'Yl tl~ tl~11lJ~ fl~ fll1 i 'UII~ ,,:: 

1'U1Il{ 1 1 ()'lJ 11 'YJflfi'U 'YI ~~ '1 ~:: illl~'U 'Yll~lJlii~,~ ~'U 'Yll~ ~'Yl fllll{ 1 II~~:: i tJ ii~, ~ ~ 'U 'Yl 1-3 ~'U ~ ii~ ii~ 11lJ 

" 'jJ i" , '''.cl 1" ~"" .:::.. 
~ tl~ fll 1 'lf1 ()'lJ 1 1 'YJ fl tl ~ II~ m I 'Yl tJ~ 'Yl fl~ tl ~ 11lJ~ tl~ fll1 m 'lJ'YIlJ~ 'Yl ~,~ ~'U 'Yl 1-3 II" 1 1 ()'lJ 1 1 'YJ fl ~::I~ 'U 'Yl 1-3 

fl~'lJ'lJ~1i'Yl ~~lIff~~ i'U.fll'Yl~ 3.18 IIff~~~fl'hlW::fln'IJ'Uri~'lJtl~II'lJ'lJ~l"tl~ffm'U fll1W~ 3 
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" , , 
fllmh.:J l~!Viv.:J1J1.:J "hul'vhuu u~ ~lU lU 'H1U'j 'j'VJnViijtl~! tlu ~ lU lU 'j tlU 'j 'j 'VJ n1)~.:J Vi'Yll.:J U ~Ei'Yl ~U 'j :;ntlu 

" " ijtl~ fl.:JUU'Yll.:Jf11'j1~V{j;.:J'Yllf11'j'WI~lU1U'jtlU'j'j'VJn'C1.:J~lU1U 20 !Utl{!~ulPi' hW1):;'Yllf11'j'C1~'C1.:JVi'C1:; 1 

" " 
fiu !tlU~lU1Ul1.:J'I1lJfl 14 fiu !m:;'Yllf11'jU'j:;lJl'C1r-ml1.:J 3 UUU~l'C1tl.:J 

" "I 
3.6.5 'Yl~CYtlUf11'j !~lJ ~lU lU r'll ff .:J'UU ri.:J ffU 111 f11'j'Yl~CYtlU{j! tlu f11 'j'Yl~ CYtlU!~tl'l11fll1lJCYllJ1 'j tl 

lu f11'j!~lJ~lU1U 'jm ~ Vln"U 

I I " " 

~U 'j:; ntlU nnVi "lfl lJl V.:J ~fl U 'C11V'Yll.:J Vi tl ~ 1 n~nu u ~Ei 'Yl ~u 'j:;ntlunn 11.:J {j f11'j'Yl fl CYtlU 

1):;'Yl 1 f11'j !~lJ 1,rijt11a .:J'UU ri .:JffU Ill! Q ~vlJ1nf1';hu'C1:;.J tlVn ';11t11a .:J'UU ri.:J ffU 1l1~' UV.:J ~~ 

UmV'Yll.:J!~lJtldl.:J'C1:; 1 t11a .:J'UU ri .:Jffulll lflv1)ln~tllJ'C1!~lJ~tJ llJl'Ylfl CYtlU 1)flU 'C11V'Yl N~ 
~ . 

, , " 
lflVijU~lJ1Wt11ff .:J'UU ri .:JffU 1l1!~lJ i U ~.:J'I1-)fltlfl 'j1i1{j ~ lU lU 4 t11 ff .:J~tl-)U ~.:J U U 'Yllf11'j • 

, " 
QI .c::1 .or:::.. 0 O Ql 'Q'" 

UCY~.:J H'C1fl.:J9\l'jl.:J'Yl 4.4 !m:; 4.5 UCYfl.:J H'C1f11'j'YlflCYtlUf11'j !'rllJ1) lU lU mcy .:J'UU CY .:JCYum 
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'Yl H l~ilJ~ i fHHl1 fl'U ~£1'Yl ~11 1 ~ fHl'U f111lJ1 fl "l~ 1 ~ fJ~ ~ ~ 'U 'Yll~ ~ '1 ml'~ "l~ fi tl ~ ~ 'wr ~ 
'Uflln'11'Hl b(NSN) ih~fJ~'Yl1~Ml~'iJlfl'U~£1'Yl~111~fltl'Uf111 62 fihllJ~l i11v~~'U'Yl1~~ .. 

I I 1 " 

filmlJ~11~fJVi~~l11~Q~li~I'Ylllijfhn~'U'Uri~ 2 lVifJ1l9itl1'U ~~U'U't1lfln'Yl~n'tl'U l~fJ 

f111 I ~ lJf) 1 A' ~'U'U ri ~ tr'U fll 'iJ lfl ~~l1 1~ 'U fll n'111 fl'i 11 V~ ~ ~ '11 1~ Q~I i~ I 'Ylll ~ l'U 1'U 1'U"~ 1 

u,,~ 3 I~ fJ11~fJ'l,rijf111m~'iJlfJ"1'Utl~f)1A'~'U'Uri~tr'Ufllltl'UU'U'Uth{C)ftl~ ~~un'~~~m 
, .. 

cv .d. ..c::.o ocv f.e:::.,., 

~~~11l~'Yl4.6 u,,~ 4.7 un'~~ymf111'Yl~n'tl'Uf1111V.lJ'iJl'U1'Ufl1n'~'U'Un'~n''Ufl1 

3.7 l1fl'l1::'t'INllfll'lYlrliHI'U 



, 
.<::\ 

U'Yl'Yl 4 

~ ,! ''''I ." .. "''1'J/ 0 .. '" 'J/ .% ~ '" .J 
1 'U 'lJ'Yl'\.H)~m111tl~ f11111m 1~11 vHl'Yl ~ 111fH1 'lJ'lJ 111~ Cl~ 'fftl1'U f11HU 'Yl 'ff11~'\J'U 1'U 'lJ'Yl'Yl 3 'li~ 11~ 

1.11 ~ f) Cl 'lJ ~,.;ltIl1 fI 1 l~M 1 iJ II 'lJ'lJ f11 1 m ~ 111 tJlPl 1'\J Cl ~ rha-~ '\J'U Ii ~ f11 1 \PI 1 1 11 'ffCl 'lJ fIJ1lJ tl f)~ Cl ~ '\J Cl~ II 'lJ'lJ ~ 1 ~ Cl ~ 
~ ~ 

,. , 

1l~~~1111111~'\JCl~'lJ1Ei''Yl~'l.h~f)Cl'lJf111Bf) 1 11~ 11lJ1~'U~11mll~;1~l1lJ~ 14 11f'llljm.J1lJ11111iJ11'lJ'lJf)U cu q q cu 

f) 1 ~ 111tJlPll~ ltJ 1 iJ 1 11 f)1 lJ rl111-r 'lJ f)11 'ff~ 1~11 'lJ 'lJ ~ 1 ~ Cl~ 'fftl1'U f)11 W ~ 1 ~1 'U f) 1 1 'ff ~ 1~ 'fftl1 'U f)11 W ~1 ~eJ~ '\J eJ ~ 

'

".,j '1'J/_ 1 '" o~ ,~ '1' 
1~'lJ'lJ lJ\PIm'UCl~ (Discrete - event simulation) 11~ ~1uU'lJ'lJf111m~111tJ\PI1'\JCl~fI1'ff~'\J'U'ff~llJ'U1l'lJ'lJ lJ 

~ 
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O-D DE:~:~ ~:1O:: :':-=-3.n :\~a:. :\L"1 ~, P:-oba'J;hn To:al T:-1F 

I I SRI-PTE Poisson 3.07 4 0 276 

I SRI-AYA Poisson 4.50 5 0 135 
I 

I SRI-CBI Discrete Unifonn 6.00 6 0 237 
I 
I SRI-CCO Poisson 1.63 2 0 147 

:SRI-NM.I\ Poisson 2.87 4 0 258 

I SRI-KKN Binomial 3 0 3 0367 99 
I 

ISRI-UDN Geometric 3 0 0.52 300 

I SRI-LEI Poisson 3.40 4 0 102 
I 

SRI-NSN Poisson 13.97 15 0 1257 

I SRI-UTI Poisson 3.07 4 0 276 
I 
I 
I SRI-KPT Negative Binomial 5 0 4 0.753 118 
I 

; SRI-NPT Binomial 3 0 3 0326 85 

CCo-SRI Po1!1Son 9.17 10 0 275 

NSN-PTE Poisson 10.90 11 0 981 
I 
NSN-SRI Pois.on 7.20 8 0 648 , 

, , " " 1 , 
<d 0 0 Q,I I Q.I 0 Q,I d <do Q.I 'Q.I 0 Q,J 

~ln~l'n~'VI4.1 ~1'WTWflTC1'.:j'\J'Wff.:j1dlJ'VI.:jl1lJ~ 5,194 fI1ff.:j LlHltJlJfI1ff.:j'\J'WffnWl~ 57 fI1ff.:j ~ln 

f111 'VI ~ ,nlull ~ lJ d 'HH1~ llJ f111 'VI ~ ff'fJ 'U ljf111 ff~ H fl1 a.:j '\J 'W ff.:j L Q ~ tJ 5,193.78 fl1a.:j fi~ L i:l 'W 99.99 

nJ'fJ{LcM'W ~'\J'fJ.:j~'fJlJClfl1a .:j'\J'W ff .:j~~.:j LLff~.:j·;h l1h LLmlJljf111 ff~1.:jfl1a ~'\J'W ff ~ iml'L~tJ.:jn'U~'fJlJCl ~~ ~ 
OJ OJ 

SI .! 0 

4.2 fll~'fIY1 tT'fJ'UH~HI1 flfll'H1"'HUftl1'U fll'~ €lHl U'I8.:J 

y y • 

~ 1'W i.ij' tJij ~ ~ 111 f11'j L tJ~ tJ'U LVi tJ'U HCl f11 'j 'VI ~ ff'fJ 'U 11 ~ 3 LL 'U 'U ~ 1 Cl 'fJ ~ LL Cl ~'VI ~ ff'fJ 'U ~ llJ Vi i ~ rhnu 

~HI nu 'U 'U f111 'VI ~Cl 'fJ~ i ~i 'W 'U'VI ~ 3 11 d~ 'fJ 3.6 f111 'fJ'fJ nLL 'U 'U LLCl~'VI ~ff'fJ'U nCl~'VI.fit tJ u 'U'U ~ H '1 ~ 1n 
y 

U'U'U~lCl'fJ.:j l~tJf11'j'VI~ff'fJ'Uu 'U'U ~lCl'fJ.:jfffll'Wf111W 11~ 3 fffll'W f11'jW LLCl~ i~~nEJw.~nn ~chLiJ'W~l'W ~~ ~ 
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d 0 ~d 
1l1~N'Vl4.2l!ff~'1~"f11~'VlfHH)1HllJlJ'il1"V 'H"m'Wf11·HU'Vl 1 - 3 (1) 

1 0.00% 12.70% 19.99% 100.00% 

2 50.83% 12.62% 11.11% 100.00% 

3 44.72% 12.63% 12.01% 100.00% 

(' _ ,... ,-. v 
11 11 J 11 Jill II J JIll Jill Jill 

~ - - .-: y 
11l1J lIJlillJJJllinllli'1llllilllJ I - '" Ililnli: IU1HJIlli 

II 111111 1 11,1 J 
1 ill 11 ~ I Ii J 111J r l J 11' tJ 11' II Hj I~ I I ~ fin 

-
11 I J - r1 ~ 11 Ill, 1111 l , '111 1 ~J IIJ'1lIJ,il]ll 

1 8.27% 59.05% 20.97% 

2 8.26% 17.19% 20.89% 

3 8.27% 22.38% 20.89% 

1. ~ 1'W 1'W i1 llJ'I~ ~ (1lJ ~ ~ 'YJf)'ilV~ ~ Vf11 a'! '\J'W d'l ff'W A1'W Vf)lJ~li'Vl 'il ~l ~ 'W i~ 11l! lJ lJ ~l"V'I 

ffm'Wf11nU~ 1 l'yilnlJ 0.00 111v{I~'W" I~V'I'il1mrlv~(1lJn'Vlm~'W'Vl1'1i11d'l'\JV'I~'il~ • • 

11mfJ'Vll'l1 ff~ 'ill!~1 il1'~(1lJ ~ ~ 'YJ m~'W 'Vl1'1f)~lJ~lJ~li 'Vl iliiif11 ~ i 11~ Vf11a '1'\J'W d'l ff'WA1'W Vf) 

lJ~li'Vl d1'Wl!lJlJ~1"V'Iffm'Wf11~W~ 2 lm~ 3 IvilnlJ 50.83 U"~ 44.72 111v{I~'W" 1l1lJ~1~lJ 
d, 0 ct'.d <d ~ I e. cv , 0 

'il~I'l1'W11UlJlJ'ill"V'Iff(11'Wf)1~W'Vl 2 lJff~ff1'Wf)1~~V'WVf)lJ~1:J'VllJlf)f)11UlJlJ'ill"V'I 

ffm'Wf11~W~ 3 I~V'I'illf)l!lJlJ~l"V'Iffm'Wf)UW~ 2 Irlv~(1lJn'Vlm~'W'VlNi11d'l'\JV'I~'il~ • • . ." 
11 "1 fJ'Vll 'I I ff~ 'ilU~1 i l1' ~ vi' lJf11 a '1'\J'W d 'I ff'W All ~ fJ~ vri ~ ~ 11mfJ'VlNU 'W U~'\J V'IU lJlJ ~ l"V'I 

ffm'Wf11~W~ 3 Irlm(1lJn'Vlm~'W'Vll'l i11d '1'\JV'I~ 'il~11mfJ'Vll'llff~ 'ilU~1'il~Vi1f11~~lfJ~1!!'I1U'l . . 
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... 1 rI d tI 0 GJ d i"".c:l Q.I I dGt" d Q.I 0 

12.62, 1I"~ 12.63 IlJtI'HC)f'W1I 1Il1ml~'U ~~1'I1'W ~11lH"~ff1'W'Yl &fl"lfltl~fl'W'YlfUl'U'U~l"t1~ • 

1 cl t1~ ~ lfl~ t1lqJ" ~lfl'U'W ri ~1 tl'W ~t1lqJ"fl11 'U'W ri ~ 'l!~I~ tl1tl'W VI 1111' -«~ ri1'W ~tltl flml vi 1 tl'W 

3. ~1'W1'Wi11ll~fl1'H~'W'Yll~l~tl11tJcill1'U'U~1"t1~ffm'Wfll<HU~ 1, 2 , 1I"~ 3 lviltl'U 19.99, 

rid rI OQ.l ~ o! d tI 
11.11 , 1I"~ 12.011tJtI·HC)f'W1I1Illl"1~'U l'WtI~~lfUl'U'U~l"t1~'Yl~ 3 llfl11tltlfUl'U'Uffm'Wfll'HU 

~~1~tl'WVll1 ,rll'U'U ~1"tl~ffm'Wfll1W~ 1 ~ltl'U1 n'JfU~'W 'YlN i tJri ~'UtI~~ ~~tJ"lt1'Yl1~lff~ ~ 

lIa11 ,r1tl'U11'YlfU~'W'Yll~fl~'U~'U ~'IJ'Ylmti l~tlhJijflni'mili~'U'W ri ~iY'Wfi'11 'Wl~ tl1fl~'Ul"tI • 

Gt"Q ""1'" ... 1 tid tI~ 0 .&!t do 
&'I1'U1fll1"flm !~ 100.00 IlJtJllC)f'W1I 'Yl~ 3 lI'U'U~l"tl~ l'Wtl~~lflll~1'W1'W1tl'Un'Ylfllllfl .. . 

. . " 
~tlVi 1l~ 1 ,r'U~fl11Tll-« ~'U'W ri ~iY'Wfi'l i~l1~'I1ll~ 

. .:, 1 .c:!I" d 0 tI..d I QI 

5. ~1'W1'W'lf1 ll~'U'Wff'Wm 'U'W -,,~ ~lmtl'UnVJflll'U'U~1"tl~ffm'Wfl11W'Yl 1, 2, 1I"~ 3 l'Yl1fl'U 

" I I I 

8.27, 8.26, 1I"~ 8.27 ltJtl{I~'W~ 1Illl~1~'U 11~ 3 1I'U'U~1"tl~VifhVilviltl'Wl'Utl~~lfl-«~ri1'W 

. .:, 1 .,.".1 "".., I .... " i Ill) ".1 I .., 

~1'W1'W'lf1 ll~'U'Wff'Wm 'U'W -,,~ ~lmtl'UnVJfl ~~llff~ff1'Wmfl'l11tl'WtltI II !~'U'Wtl~fl'U 

f Q.I ... 1 tI d tI 0 Q.I d, 0 

1, 2, 1I"~ 3 l'Yl1fl'U 59.05, 17.19, 1I"~ 22.38 IlJtl11C)f'W1I 1Illl"1~'U ~~1'I1'W1111'U'U1l1"tl~ 

ffm'W flnw~ 1 ijfhlJ1fl~ ff~lcltl~ ~lfl i~tltlfUl'U'U 111'1 tl'U11 'YlfU~'W 'Yl1~ fl~mjl'W 11'W Vi~ ri ~ • • 

.... "iQ.l" evo d I -Cld Q.ld 
3 I 'W tl~ ~ 1m tl'U 11 'Ylfl til tI tJtI~ ~~ 1I'W 'Yll~~ t1fl'U ~ 1 'W 1'W ~ 1'W 'Ylm~ 11 ~~lfl~'U'W 1 tl'U11'Yl flfl'W 'Yl • • • 

I fl'W III ~ ~1~ 'W 'Yll~fl~'U 'U ~ 'IJ 'Yl VI 11,rij -«~ ri1'W mflfl1111 'U'U ~ 1" tl~ ffm'W fln W ~ 2 ~ij-«~ ri1'W 

~1'W 1'W i11ll~~1 tl'Un VJfl~~ tlll 1 ~1 t1Tlli ~'U'W ri ~iY'Wfi'ltl~~'U~'IJ'YlU tltl~~~ 
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, II 

20.89, 11":: 20 . 891,j~{lcM'U~ ~llJ~Wl'IJ 1l::111'Ui~11ihY~ri1'Uliif1~1~V.:jti'U-n.:j 3 11'IJ'IJ~1"~.:j 

", "I 
-n.:j 2 nllm~lJ~ti~i-Hln~~lVi~ 1l1f111'IJ'IJ~1"~.:j"Hll'Uf11~W-n.:j 3 ii~1'U1'Ur'ha.:jf11~'U'Uri.:j 

I", .;, 1 ,J """ I", • i" .1 1 0' i" I", l'Yllf1'U11"::'ln mf11~'U'U - ".:j ff'Ufl11'Yl1f1'U 'Yll '\1mHlu~:: V'lf'Uf11~ 'If.:jl'U~fI'IJn'Ylf11'Yllf1'U • 

4.2.2 f11~"~~1'U 1'U ~fI'IJ~~'Ylf1 • 

I , "" 

~fI'IJn'VJf1~ii~~l~'U ~1'U 1'U ~fI'IJ~ ~'VJf11l1.:j~'Yl1.:j'IJ 11:i'Yl~,j ~ ::f1~'IJii~~ ~.:j'l! 'U 'Yll.:j f11~ 1~ VU 

~.:jVilf11~"~~1'U1'U~fI'IJ~~'VJf1".:j~1'U1'U 20 l,j~{lcM'U~ 1~Vll::Vilf11~"~".:j~":: 1 fl'U 1~'U 
II II , 

~1'U1'U"'.:j'\1lJ~ 14 fl'U 11,,::Vilf11~,j~::lJ1"~""'.:j 3 11'IJ'IJ~l"~.:jll::i~~"mlJ.f11'W~ 4.1 -

4.3 11ff~.:jmllJalJi'U1h::'\111.:j~nfl,j~:: 1V'lfUf11~ i ~.:jl'U ~fI'IJn'Ylf1ti'IJ~l'U 1'U411lJ.:jf11~ • 

Modell 

30.00% 

= 0 

--= 20.00% 
~ 
N .- 10.00% -.--~ 

0.00% 

0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 

Empty haul 
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Model 2 

30.00% 

25.00% ...... ., 
= 20.00% 
.~ .... 
co 15.00% :S .... 

10.00% ;;J 

5.00% 

0.00% 

0.00% 2.00% 4.00% 6.00% 8.00% 10.00% 12.00% 14.00% 16.00% 

Empty haul 

fl1'Yi~ 4.2 L1ff~~fI'JllJfflJ~'\.J .fi~~'I1'h~tl~~ (l'l.h~ lV'lfU fl1~ 't ~~1'\.J ~ (lUnl'Jflnu ~1'\.J 'J'\.J i'J llJ~ fl1~!~'\.J'Yll~ 

!~V'J!'l1~l'\Jtl~L1UU ~l"tl~ffm'\.J fl1~W~ 2 

Model 3 

40.00% 

35.00% 

30.00% 
= 25.00% .~ 

• #T 
..... ~ ...... .... 

co 20.00% :$ .... 15.00% ;;J 
10.00% 

5.00% 

0.00% 

0.00% 5.00% 10.00% 15.00% 20.00% 

Empty haul 
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Model 2 

51.00% 
'7 -IC 

50.50% ;:I: 
i" 

-)~ 50.00% 
r-

0G: 
liD 49.50% 
WO'> 
c;: )$ liD 49.00% 
""' 

fWO'> 
C ;::l 

• ...... , 
I 
t 

~ c 48.50% 
WO'> liD + M2 
WO'> ;:I: 
;::l 
~ 48.00% 

~ 
WO'> ;:I: 

-1~ flC 47.50% 
'7 

., 
;;; 

t-;:: -)a=o 
o 20 40 60 80 

;:I: 
r-
;:I: 
r-

0,,", 

,------------------- - ---------------, 

Model 3 

50.00% 
'7 -IC 
;:I: 

40.00% i" 
-)~ 

r-
0G: 30.00% liD 

WO'> 

)$ c;: 
liD 

20.00% ""' fWO'> 
C ;::l 
~ c 
WO'> liD 
WO'> ;:I: 10.00% 
;::l 
~ ~ 

+ M3 

WO'> ;:I: 
-1~ flC 0.00% '7 

;;; 
t-;:: 0 -)a=o 20 40 60 80 

;:I: 
r-
;:I: 
r-

0,,", 

'I " I 

i11lJ~f1111~h.J'V11~1_ntJ11tJril'\JtJ~111J1J~lm)~ffm'Wf111W 11-:J 3 111J1J ~l"tJ~ \l~11ff~~ i l1'111'W it{';hdjtJihnnl~ 
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o ... .1 
~ CllJ ~ ~ 'VJfl'YI1.:j 1'U 'H 'U fllJ1fl'IJ'U 

111fl.fl1'Yl~ 4.4 - 4.5 Ufffl.:jfl11lHhJ~'Ui'~::'H'h:j~1'U1'U~CllJn'VJf)nlJ~1'U1'Ui111N~~CllJn'VJfl 

l1t:JflH)fhA'.:j'IJ'Uff.:jff'U~l'Ut:JfllJ~'l:i'YI'IJt:J.:jUlJlJ~l"t:J.:jffm'Ufl1~W~ 2 U":: 3 U lJlJ~l"t:J.:jl1::Ufffl.:j il1'r.1'U i~i1 

!~t:Jiifl1~"fl~l'U 1'U ~CllJ~ ~'YIfl".:jffflff1'U ~1'U 1'Ui11lH~ ~ CllJ ~ ~'YIfll1t:Jfl~ t:Jfl1 A' .:j'IJ'U ff.:j ff'U ~1'U t:JfllJ~'l:i'YI~l1:: • • 

"fl ".:j91 llJ i tl ~ 1tJ!,j t:J.:j 111fl ~ CllJ ~ ~ 'YI flii'!! t:J tJ".:j ~11:: i~.:j 1'U ~CllJ ~ ~ 'YI fl i~~ ~'U 1 fl tJ ili;{ t:J.:j i tl ~ t:Jfl1 A'.:j 'IJ'U ff.:j • • 

I' )I, 

4.2.3 'YI fl ff t:J lJ fl1 ~ ! YllJ ~ 1 'U 1 'U 191 ff.:j 'IJ 'U ff .:j ff 'U ~ 1 fl1 ~ 'YI fl ff t:J lJ ii ! ~ 'U fl1 ~ 'YI ~ ff t:J lJ! Vi t:J 'H 1 

m1lJff1lJ1~Cl i 'U fl1~ !~lJ~l'U 1'U ~Cl!~tJ1fl"lJ 

'YIfl fft:JlJ fl1 ~! ~lJfl1A' .:j'IJ'U ff.:j ff'U ~1111fl ~fl tl" 1tJ'YI H~~;{ t:J.:j i tl ff.:j ff'U ~1t:J ~ i fl" 111fl 

f , " J/ 

lJ ~ 'l:i 'YI ~tl ~:: flt:JlJfln Vi ~~ lJ1 v.:j ~ ~ tl" 1 tJ'YIl.:j Vi t:J ~i fl~ nlJlJ ~ 'l:i 'YI ~tl ~:: flt:J lJ fln 11.:j ii 

fl1~'YIflfft:JlJ 1l::111fl1~! ~lJ i l1'iifl1A' .:j'IJ'U ff.:j ff'U ~1! II ~tJlJ1flfl':hu,,::'!! t:JtJfl':hfl1A' .:j'IJ'U ff.:j 

ff'U ~ 1~ i tlv.:j ~~tl "ltJ'YIl.:j!~lJt:Jti1.:j":: 1 191 A' .:j'IJ'U ff.:j ff'U ~1 1 fl tJ1l1fl,j'm.!"!~lJ~U 1lJ1 

'YI~fft:JlJ ~fltlmtJ'YIl.:j~ifl"~fl ~t:J oij.:j'Hl~~fl~li1ii (UND) ii~::tJ::'YIlnh.:j111fllJ~'l:i'YI 

~tl~::flt:JlJfln 516 nl"!lJ91~ lfltJiitl~lJ1Wfl1A' .:j'IJ'U ff .:jff'U~l!~lJ itloij.:j'Hlflt:J~~li1ii 
~ . 

,,, I , 

~1'U 1'U 4 fl1ff .:j~t:Jl'U ~.:jU'U111fl1~'YIfl fft:JlJ l~mYllJihff .:j'IJ'U ff .:j111fl oij.:j'Hlfl~~~li1ii 

lJ1v.:joij.:j'Hl~'Umff1~~fl (NSN) ~1'U1'Ul'U":: 3 U":: 5 fl1A'.:j lfltJil1'iiflnm::111tJ';1 

'lJt:J.:jfl1A'.:j'IJ'Uff.:jff'U~1!~'UUlJlJ1J1{9ft:J.:j ~.:jUfffl.:jH"~.:j91n1.:j~ 4.4 !m:: 4.5 Ufffl.:jH" 
, , 
c.o OGi l,qy 

fl1~'YIflfft:JlJfl1~ !'YllJ 11 1'U 1'Ufllff .:j'IJ'U ff .:jff'Ufll 

'YI~ fft:JlJ fl1~! ~lJfl1A' .:j'IJ'U ff.:j 1l1fl~ ~9i''U 'YI1.:j ~ ifl~lJ 1'l:i 'Yl ~u ~ ::flt:JlJ fl1~ lJ1fl~ ~~ i uiJ.:j 

" .. eli ..... "tl 1" eli "el "I ~fl91'U'YI1.:j!~lJ'YI fl"1l1fllJHl'YIfj ~::flt:JlJfl1~lJ1fl~~ ~tJ~~91'U'YI1.:j'YI fl"'YI~fl flt:J 

oij.:j'Hlfl'Umff1nfl b(NSN) ii~::tJ::'YI1nh.:j1l1fllJ~'l:i'Yl~tl~::flt:JlJfln 62 nl"!lJ91~ itl .. 
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" . . 
~.:j U'LJ Vi 1f11';i 'Yl ~ fffJ'IJ 1 ~ Vf11';i 1 YllJfl1-ff .:j'U'LJ ri.:j ff'LJ fl1 \)1 f1 ~.:j 'H 1~ 'LJ fl ';i ffl';i ';i r1i 11 ff.:j 

~.:j'H1~Q~1~.:jl'Yl';i1~1'LJ1'LJ1'LJ~~ 1 11~~ 3 1~ Vl 1~wi .. l1'iif11';im~\)lV~1'UfJ.:jfl1i.:j 

'U'LJri.:jff'LJfl11~'LJll'IJ'lJih{C)ffJ.:j ~.:jllff~.:jH~~.:j~U1.:j~ 4.6 11~~ 4.7 llff~.:jH~f11';i 
. . 

ClO OQl I.c::..tjI 

'Yl~ fffJ'IJ f11';i 1 ~lJ \) 1'LJ 1'LJ fllff .:j'U'LJ ff .:jff'LJ fll 

. . . 
.te:l c:a 0 0 Q,I I c:. " 

~1';i1.:j'Yl 4.4 llff~.:jH~f11';i'Yl~fffJ'lJf11';il~lJ\)l'LJ l'LJfllff .:j'U'LJ ff.:j ff'LJfll (1) 

1.1 0.00% 13.07% 20.43% 100.00% 

1.2 0.00% 13.58% 20.89% 100.00% 

2.1 50.83% 12.82% 11.30% 100.00% 

2.2 50.67% 13.30% 11.41% 100.00% 

3.1 45.12% 12.90% 12.19% 100.00% 

3.2 43.48% 13.77% 12.82% 100.00% 

. . . 
.te:l .c::t.o OQl I.c::t.Y 

~1';i1.:j'Yl 4.5 llff~.:jH~f11';i 'Yl~fffJ'lJf11';il~lJ\)l'LJ l'LJfllff .:j'U'LJ ff .:jff'LJ fll (2) 

~ III IllK IIIJJ111I:Y!llll D 11 I II I i; III J J ~ 1111111 11Illl~) ,'1 J Illlnlh: Id1il;llll 
II11111II1111 J -

11( II III II i Jlll I I Y J I-I 11 11' 11 II i ~ III Ii 11 1111 - IIJ 1llllllllllil]ll l1(J IlJ,llllll l]ll 

1.1 8.40% 58.09% 21.48% 

1.2 8.70% 56.83% 22.28% 

2.1 8.41% 16.64% 21.23% 

2.2 8.68% 15.92% 22.00% 

3.1 8.41% 21.38% 21.31% 

3.2 8.70% 21.23% 22.46% 

\)1f1~ 1';i 1.:j~ 4.4 - 4.5 11 ff~.:j H~f11';i 'Yl ~ fffJ'lJf11 ';i lvilJ ~ 1'LJ 1'LJ fl1 i.:j 'U'LJ ri.:j ff'LJ fl11rlf.l1 ill V'lJl'nV'lJn'IJ 

~1';i1.:j~ 4.2 - 4.3 11~1 hr-ff~ril'LJ '~~fJVll~f19i1.:jlJ1f11,1fJ.:j \)1f11~'LJf11';i lvilJ1l1lJ1Wfl1i .:j'U'LJ ri .:jff'LJfl1~.wfJV 
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6Qlrtm m tJU1~tJUtiU ~ 1'\..1 1'U 'H1Un 'VJml~ ~~ ij6Q-Yh i M'iliff1lJ1'HH M'U i~() ~fl11lJ~ 1~'lJ 6 ~ ff~ri1'U ~ 1'U 1'U 

i11lJ~m~ 1~'U 'Vl1~1 ~tJ11 tJci1 iJ~fI~ij"fnjw~fi61rt61 ~lJ'lHlJlW I'll i ~'lJ'U ri ~ ff'U A1 i M'lJlfl~'UU~ ff~ri1'U 

~1'U 1'U i11lJ~fln 1~'U'Vl1~1~tJ11tJ ci1iJ~fI~1~lJ~'U 6Q U~~U91fl~Hti'U fi6 6nm.h ~ ltJ'lfU fln i ~~ 1'U 

, .1 . 
~()U~~'VJfl1VilJ'lJ'UU'U16~ 

. .. 
d .Q.o OQl 1.c::::t.J/ 

9l1~1~'Vl 4.6 Uff~~FH'Ifl1~'Vl~ff6Ufl1~1""lJ'i11'U1'UfIlff~'lJ'Uff~ff'Ufil (1) 

1.3 0.00% l3.92% 

1.4 0.00% 14.18% 

2.3 49.95% l3.82% 

2.4 49.39% 14.85% 

3.3 41.72% 14.12% 

3.4 39.41% 15.18% 

. ., 
do ~o oQl ,.o&::It,j/ 

9l1~1~'Vl 4. 7 Uff~~ ~(lfl1~'Vl~ff6'Ufl1~ 1 .... lJ'i11'U 1'UfIlff ~'lJ'U ff ~ff'U fIl (2) 

. . 

21.41% 

21.86% 

10.59% 

11.14% 

14.25% 

15.96% 

r _ ...... - ~ 

ow 1111\ IIJJJ11111r! l tll 
~ '-"............. v 
,1111 1111111 JJ~llinlJlill1ll11tlJJ 

II I J II D I I 1,1 J -
Hi1 11 ~ 111 JIll 1 It ~ 1111 ~ 1 t 1 [! ~ I J~ jIll 1111 - II J \1 Illl,lllj I '11l 

1.3 8.70% 55.97% 

1.4 8.98% 54.99% 

2.3 8.70% 16.95% 

2.4 8.98% 15.64% 

3.3 8.70% 21.21% 

3.4 8.98% 20.46% 

100.00% 

100.00% 

100.00% 

100.00% 

100.00% 

100.00% 

t1iinlh: IUlil;llll 

1 ,J 
lQlll1,-11Ji1 qll 

22.62% 

23.16% 

22.51% 

23.83% 

22.82% 

24.17% 
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'\1V 'HY~ri')'U ~lU 1ui1 hJ.Hn~ l~U'YlVH~rnt1Jril V'lfl'l~c1fl'lJ W::;jvlrlmvi:J.nJ1lJ1W ~li '1'\114 ri'l ffU Al i..r l./lfl 
~Ull~a~ ri1U ~lU 114 i1 ilJ'Ifl1~ l~U 'Yll'l1 ~tJ11 tlrilV'Ifl'll~lJ~U V~ l1~~l1llfl~l'lfiu;jv vn tltl~:: itJ'Jnr fln 

i " .;. .1 .:.. 
'If'llU ~ tl'U n 'Yl fl1l'flJ'\1U 14 U1V'I • 



, 
.:::I 

U'YI'YI 5 

~ ~ 

~1'W 1 ~tlU nn ffmn i 'W ~ 1'W 1 ~ tlU ffmn nl 'j 'IJ 5'11 n ~ fl nn nn 'IJ'W ri ~ U 'IJ'IJ t~ lJrl'W U ~~~ \PlJ'W 1 

U'IJ'IJ ~l~V~ffm'W m'j Wt~V 'lhtl1tm1~M"'n~Ur-l'W m'j f 'IJ ~1~'IJ'W ri ~ il'W f{ l'IJV~ ~U 'j ~nv'IJ m'j 1 fl tlV l~tI-iJ VlJ~ 

~li~'IJ'Wri~il'Wri'1'IJV~~';h~1~'IJ'Wri~ilm1wl"'.lVd1~ U'j~ lt1'lfu~mfl11il~1~f'IJ ~v U'IJ'IJ~l~v~ffm'Wm'jw .. 

. ~ 

'IJ'Wri~tYitl1m''IJ lfltln1\PltlU'j~ff~rl'IJV~~1'W1~tI ~~U • 

2. ~\PlJ'W1tt 'IJ'IJ~l~V~ffm'W nl'j Wt~V i~i 'WnnYl ill'iW 1U~~'VlflffV'lJn~~'Yl'fi~1~ '1 ~tl1il~ 

ff1lJ1'jm31 1 urim'j t~mYfl ri1'W m'j t~'W 'j m~ tl1mi''IJ lfltlYl 'il1'j W 1U 'j~nv'IJ tl'IJ E ~~,;' V~t iltl .. 

5.1.1 ffmnnn ff~l~U'IJ'IJ ~1~v~ffm'Wm'jWt~v1111 vmff~il~tnfl'jm~tl1nci''IJ lfltlm~tI,uu'IJ'IJ 

m'jm~il1t1~1'IJV~m1lJ,;'V~m'ji'Um'j'IJ'Uri~ 

~ 

i'U~1'U1~tlU 1~i i'1 U'j umlJi 'U m'j'li1tlff~1~U'IJ'IJ~1~V~ffm'U m'j W l11'jUU'IJ'lJm'j m~ il1t1~1'IJV~ .. 
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5.1.2 'tiIliJU 1U 1.11.1 ~ T'HJ~ffmU fl1'HU1~fl i ,flu fl1~~ 1)l'HU 1U~::'VI~ ~H)1.1m'1~'VI£~ VJ ~ ~tJ11):: 

ff1lJUt)'lJ 1 i lldf)U 1 ~my~d1U f)U l~U ~ m ~f11f)"1.1 1~f1~ 1)UW 11l~::f)fl1.1fi1.1 if ~~~fl~l fffl i 111 ~flff! 1~ .. 

f1l~'VI~fffl1.1~ 1 l~UU1.11.1~l~fl~fff.'llUf11~W~ 1 l~flHI1.1~~'YJf11~U'Vll~ i lid ~'\Jfl~~~~ll~lt1'Vll~ 

1 ff~ 1)U"" 1 i '11' ~ \)1.1 ~ ~ 'VI f11~U 'VI H f)"1.1 ~ 1.1 ~1:l 'Vl'tr U Vi 1):: ilinf)u 11.1 fl1 i ~ '\JU d ~ ffU III flf)1) U f)11 . • 

. " . 
U1.11.1~l~fl~fff.'llUf11~WVi 1 U 1):: iliijd1U iUf11~'\Jud~lVitl1f)"1.1 

f1l~'VI~fffl1.1~ 2 l~U111.11.1 ~l~fl~ fff.'llU f)UW~ 2 l~fl~\)1.1n'YJf11~U'Vll~ illd ~'\Jfl~~ ~~1l~1t1'Vll~ 

lffhu""1 i '11' ~fl11.1fl1i~'\JU d~ffUIl11~f1~ fl~~~ll~lf1'V1H l~fl~ \) i~11.1fl1i~'\JU d~ffUIl111""1 

~ \)1.1~ ~ 'YJf)1)::l~U'VIH ill 11.1 ffU 1l1~ ~u 'YIH i mj11~::l~U 'YIH ill d ~ ffU III V~ ~~1l mfl'YIH 1~ fld ~ 

ffU 1111 ff~ 1) 11 ~ 1~1)::~ ~ 11)fffl1.1l1~lil if)""~~fhH U ~~ ~ \)1.1 ~ ~'YJ miu ~ ~ f)ri 111) ::~fl~ f)"1.1 i 111.1 ~1:l 'YI 

1~m1 ~~'tif)~flU11""1'H~fl ili tr1V~~\)1.1~ ~'YJf)~1)::~ flfl1i ~'\JU d ~ffull1 i 'Hli~ ~~1l~1t1'Y11~ 11~tr1f1~1.1 

11"" 1~ \)1.1 ~ ~ 'YI f)1):: l~U 'YI1~f)"1.1 i 1l1.1~1:l 'YI1 ~fl'ti f)~flU • 

f1l~'YI~fffl1.1~ 3 l~U111.11.1~l~fl~fff.'llUf11~W~ 3 1~fl~\)1.1~~'YJf11~U'YI1~ illd ~'\Jfl~~~~llmfl'YIH 

1 ff~ 1)11""11)::.yhf11~ V1f1~111 'HtJ ~~\) i llv~ ~~~U 'YI1~~m~11ij 1 flf11ff~ 1)::lfi~~lU 1 ~f1~ ~ \)1.1 ~ ~'YJf)1):: 

l~flf) i llv~ ~~~u'Vll~~m~ il1)::ij 1flfl1fflfi~~lUlJ1f)~~~ 11~:: i ~~::f1::11~1 i U f11~ l~U 'YIH1~tl1 

111 ri 1U flfl~ ~~ 11~:: 1~ flij ~ 1U 1U ~ \)1.1 ~ ~ 'YJ f)V1 f1' 11 V~ ~~ ~U 'YI1~ ~ f11 ~ iltJ11)::1 fi~ ~ 1 Ul y; tI~'Yi fl~ fl 

m1lJ~fl~fl1~ i U11~~::1U11""1 ~\)1.1~~'YJf)fiU'H"~ ~ 1):: ilil~U'YI1~lJ1V~ ~~~U'YI1~~'YiflU""111~1):: 

o tI ~ , dd" d ".::1 i' 0 & Ii'" " 
111.11.11)l~fl~ fff.'llU f11~ W 'YI~ 3 111.11.1~l~f)lJ'\Jfl~11~::'\Jmffti U11~m::111.11.1 1) l~fl~ C)f~ 1)::f)~11 U'H 1'\Jfl 

~fl i 1l11~:: i~nf)U 'YI~ fffl1.1 f11~ l~lJ~lU 1U fl1i ~'\JU d ~ ffU III f11~ ~~~ 1U 1U ~ \)1.1~n'1 f)Ml~fl'H l~lU 1U • 
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o tI ~ ,d.od Y ~ Y od ~ I Q,I Q,I ~, ".1 
U 'U'U lllC'1V 'HHl1'W fll'HU 'VI ~ 3 u 'U'U~l~mJ'tIV~UC'l~'tI tit fffJ 'tI'W V ~f1'U fll'l ~~ff'W lI'tlV~ fjlJ'l~f1V'Ufll'l 

''Wfll'lL~Vf1 '~f1C'1~'VIi'tl1U'U'U i~~ll~' ,r'U~fll'l~f1~l , 'W~l'Wi~fJif'~~lU'W f1~l;l~' ~l1C'1lfJ~l~ll~L~Vf1' ~ 

.J '" 
Clf~ ~ 

" 
L ff~ri1'Wfll'lVil~1'W'tIV~'ltl'U'l'l'VIf111'l~f1V'U~lfJ 5 ri1'W~~ij • 

"1' , 

11~ l1lJ~l1 'l tl'U 'l 'l 'VI m Vl'll ff ~'tI'W ri ~ E'W ~ 1 1~ fJ'l tl'U 'l 'l 'VIf1lI~L 1j'W 'l tl'U 'l 'l'VI m Vl'llff ~ . .. 

Ll1V{L~'W~~1'W1'Wi'1 llJ~~'ltl'U'lnJf1i~'tI'Wri~E'W~ll1lJlfJ~~ ~1'W1'W~1'W1'Wi'1 llJ~~ 

'ltl'Un'VIf1i~'tI'W ri ~E'W~1l1l'l~ 1m 1m~'ltl'Un'VIf1ffllJUtlVil~1'W'~ • • 

L 11 V{L~'W ~ ~ 1'W 1'W i'1 llJ~~'l tl'U n 'YJ f1~ ~ VlJ' ~'l V l'll a ~'tI'W ri ~ VQ~'U ~E1 'VI l1lJ1fJ~~ 

~1'W 1'Wi'1 llJ~~'l tl'U'l'l'YJf1~~ VlJ' ~11 "~lllmtl '~~ml'WLff~llU~l'l Vl'lla ~'tI'Wri ~VQ~ 

'U ~ E1'V1l1l'l ~ 1m 1C'l1~ 'l tl'U 'l 'l 'VIf1ffllJl 'l tl Vi l~ 1'W , ~ • 
• 1 "" "" '" "'i .1 d'd d'. .:, '1 2. lJ'l~ff'VI1ifl1~fll'l 'lf~l'W'tIV~Hl'U'l'l'YJf1 (Truck Utilization) l1lJlfJm LlJV'lLClf'W~lll'W1'W'lf1 llJ~ 

~'ltl'Un'YJf1Vil~l'Wi~l1lJ~ ,j'W~fiv i'1 llJ~~'ltl'U'l'l'YJf1i~L~fJ1mJf1 UC'I~ i'1 llJ~~~'WE'W~l -
"" " C'I~ff'Wfl1 

3. l1'l~E'VInfl1~' 'W f1U' ,r'U~f1U (% Service) fiv ~1'W l'Wl'lla ~'tI'W ri ~~ '~i''Ufll'l'U~ fll'll1U 

, " 
~1'U 1'U l'llff ~'tI'U ri ~l1~l1lJ~ 



~~ l., t-L~lA,lJl;:!.f1U!,~l, UQ~m!.LrtL~~N~~L~l1l1mM.lft!~ .~ 

~1 l., M.QI1L!.!.LUI1QU;:!.Il.HI1UM.I\,t-1\,11lA,t-~M.I\,L~L~L!.NMl1 LM.;:l\!.LUM.1 ;:LrtUl '" lit,.,. 1-" 11) 11) I J;:r I I I'D I "lit 0 b . . ~ 

~t-P M.I\, M.Lt M.~L U!.LUQ ~ It-Q~L ~ 1111 llM.l, ~~LrtL~ It-P M.I\,!.LU M.Lt M.~LQlLtt;:l\ ~t-LlA,t M.mULM.Ift!~ ·v 

~QrtlA,t-~ M.I\, 
I J:I' f7 I 

t-~L~ mLrt!. f1I1Urt~;:LrtUllA,U!' M.t M.Ll\ QM 1M.1\,t-L!.~lA, m!.LU M.LU~t-Q~Ll\ 111111J(, 1, ~U~;:!.f1!.LU .£ ~ 0 ~ 11) F' 0 f' r (G F'P 0" p 

rt~;:LrtUl~L.ttUt-t~t-pM.I\,t-.¥L~~~I!.LUt-QI\,M.I;I;:l\LrrtLt~LU!.LUtM.mULM.1ft!~ ·Z 

M. .,. ~ 

L~UULrt M.l, L~f11tl1~ It-LlA,;:I1;:!. M.t M.L~ ~~U!.LrtL~~L~M.~t-P M.1\,t-.¥L~I1£UQ~1!.LUt M.mULM.Ift!~ . I 

~f1~ Q~t-~t-LlA,tM.llM.l, L m!.Ll\~!.t~ t-pM.I\,!'LUI1QU;:!.f1~t-QI\,L~M.~ 
~ 

t-P M.1\,t-L~ 11£ M.t-:lllt-Lt !.LU Ji-;:L Wl~l1tfbl1£ UL~.rn!. LU M.LU~ t-Q~ L ~ 1111 m M.1ft!~!.LU M.1;1~11~~ M.Lt-
~ 

;:M.nQM.nIQ~ Z-S 

.. ~LUQl t-Lk~Q~If1111~It-Q~~t-~I1~I1QU;:!.f1Lm!.Ll\~11~1 t-pM.Il.!.LUI1QU;:!.f1~lA,!t~I1WI\, 

M.L t-!.L U~I1!.LUI1LI1111 M.Q ~ UM.L t-M.!)olL lP!.LU;:mR.U~I1~;:LrtU I~L~ M.~ t-P 11£ M.t-:lllt-Lt !.LU!1lA,~~UUQ~1 !.LUM.l, 

l\ 1, M.~~~!'LUL~~~ I1QU;:!.f1~~ 1, Qtt-l l., t-L~~!-~t~M.l;lLrtUQQI1~~!.LU~t-:lt-~~l1~~ ~11~~M.Lt-ULl\t-~ 
I" ,,1 

I1QM.Umt-I1Ml 
" p .,. 

• Z lA, m!. LU M.LU~t-Q~ Ll\ 1111 llUL l\ M.l\,rtMl L~ f11t11lA, It-tU lA,!, !.I1U !,lA,t-rtl tJ(,!.LU t-QI\, M.t~~~rt U 1, rtQI1 ~m~I1Q M. 
FP 0 r ~ I F' ~ F ':" I I'D 1=7" I " 

. .. ~U lA,!, !.I1U!.,!!o M.Lt-U.tt Mt-I1~ 111~ 1L~I1~ lULI1Q;:L!. Ml M.lA, 11 £ ~.rn!.LU M.L U~ t-Q~L ~ 111111M.Lt-M.!)o lLlP !.LUI1I1 llf1!. 
I " " I 

UQ~I;:l\ !.LUI1QU;:!.f1HQ!'U M.1\,t-~lA,ULt!. !.I1U!.I1I\,M.Lt-UM.MU 1, t-11~1I1mL~I1~It-Q~;:l\;:~11 l., M.Q m!.LU M.LU~ I;r "Ji:l' r f' 11) 11)" :' r I 'po" f'p 

fb b AI,.. fb 

t-Q~L~ I1l1m~u M.L M.lA,!t~I1UQ M.r Q t-P M.1\,t-.¥L~Q !.f11 U lA,!, !.I1U!,~ 1, ;:l\~rtQI1 !.LUI1QU;: !.f1~ Qlt f1 ~ 11~lrn~ 

.. .. rtQI1t-Q ~;:l\ lA,t-~ ~n Z lA, m!.LU M.LU~t-Q~L l\ 1111 llM.L t-M. M.1L~ !.LUI1I1 11Il.WQm;:l\ U !.LUI1QU;:!.ll.t-:I M.~rt~mml 
" F' ~I f'p 0 '=" 0 I" Iii' 1=' I"" 11) ~ 

t-PM.I\,!.LUM.!)oILlP!.LUM.l,lb~L~Q~M.I;It-~ ~~~I1Q.ttL~f11t11~It-~ULt!.!.I1U!.~t-rtl t~!.LUt-QI\,M.tP~~ 

6~ 
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" " fll'Ult.l flihJi'''lftyl'fffJ''' 2550. fl1'j,r~fl1'jfl1'j'lJ'U~~ . n~~l'V1'VnJm'UfI'j: ;. 11t.l. ;C)llYllJ 'Vi~'U~~. 

Q,I e1 0 0 Q.I Q ~ I rI Q Q.I 

1J1'U'Vi 1nnn~. 2550. fl1'j'i11"fl~. n1~l'V1'VilJm'Ufl'j : 'ffl'Un'VilJ'VimN~Wl"~mWlJ'YI11'YW1"t.I 

l'Ylm ,,!'YIq'Yl~lH. 2546. fl1'j,r~fl1'j 1CJfgp.hll'U. n~~l'V1'VilJm'UfI'j : lVlt.l{~'U 19~~lfli'U ~'U 1~ i"lf'th 

lff'l:l i 1J1'U ~ 11 t.lfl1'Vi. 2549. 'j ~ lJmh ~ lJ 1" ~"al'YI i'lJ f11'j,r ~ 'ff'j 'j 'j tllJ 'j 'j 'YJ nu lJ lJ'Vi" 1~ 1'Yl t.ll'U 'Vi 'U i' 

mtytyllJmUWcV1~ fllfll"lfllfl1m'jlJ 1tJ1i1 flW~lfl1m'jlJfll'ff~{ ~Wl"~mWlJml'Ylmrl't.I. 
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Powell, W.B. 1987. An operational planning model for the dynamic vehicle allocation problem 
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Rossetti , M.D. and Nangia, S. 2007. An Object-orinted Framework for Simulating Full Truckload 
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... .. ?t .1..... ..... ?t '" .k 
'Ul~fI1ffflW 'lW\l1W IU'U1.J~1'IJ6~'U1~1J'Vi'U 'lW\l1W UCl~'Ul~11tyl 'lW\l1W IU'U1.J~1'lfl~fI'U'Yl'H'U~ 

Inf)lrl61'U~ 24 lJmlf1lJ 2527 W fJllfl6'HcilJffn ~~'Hlf)I'Vi'lf1\l1W ~11~1lf111f1n1l11~~'lJtl~tytyl~~ flW~ 
, " 

1i'1'1mnJi'I'lff~{ ffl'IJ11i'1'1m1lJ 1V1i1 'illnlJ'Hl1'Yl~1~tJlJMf)Cl lij6Uf111f1n1l1 2549 11 1 nt!'U '~1.,j'1f1n1l1~6 

" , " 
16nffl1tl1~n6'IJnntl1~'11lJ1'lf1f1111i'1'1m1lJ 1~TilU,..j~'lfl~ fli'~Vi 16 ~~i1 

" , 
1f1H~1~f111 1~'UHl!~lJti'U 16nffl1tl1~n6'IJf111tl1~'11lJ1'lf1f1111i'1'1m1lJ 1fJTilU,..j~'lfl~ fli' ~Vi 16. 'lfCl1.J~. 
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